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RESPONSES TO MATERIAL PRESENTED DURING 
VARIOUS LEVELS OF SLEEP 
CHARLES W. SIMON AND WILLIAM H. EMMONS! 
The RAND Corporation 


Recently, there has been an in- 
creased interest in the possibility of 
learning during sleep. A critical re- 
view of the few scientific studies in 
this field to date lead to the conclu- 
sion that the evidence supporting 
claims of learning during actual sleep 
is inconclusive. The chief criticism 
against the existing studies is their 
failure to continuously determine the 
sleep state of Ss during the stimulus 
input period (16). 

After considerable exploratory work 
(15), the present experiment was de- 
signed to study the effect of present- 
ing material at different levels be- 
tween wakefulness and deep sleep on 
the ability of Ss (a) to respond to it 
immediately, and (b) to recall it later 
upon awakening. It was hypothe- 
sized that learning during sleep was 
improbable. 

Metnop 
Subjects 

Twenty-one male experimental Ss were used. 

In order to facilitate the detection of gradual 


! The authors wish to acknowledge the valu- 
able assistance of Louie W. Mason, Jr. and 
James L. Barnes in the analysis of the data in 
this study. Appreciation is expressed to the 
faculty and students of Santa Monica City 
College, to the Santa Monica Police Department, 
and to the volunteer Ss within The RAND Corp- 
oration for their cooperation throughout the 
project. 
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changes which occur in the EEG between wake- 
fulness and light sleep, it was necessary to use 
only Ss having a persistent occipital alpha 
rhythm when awake and relaxed with their eyes 
closed. Ten Ss were junior college students, 
nine were scientists, and two were policernen. 
Results from students and policemen were com- 
bined since they were similar on critical variables. 
Means and SD’s of descriptive variables for the 
experimental subgroups were determined. For 
the scientist group, these values were: age, 30.6 
yr. +5.0; 1Q, 122.6 + 6.0; items correct on pre- 
test, 11.7 + 3.4. For the college men and police- 
men combined, these values were: age, 23.2 yr. 
+ 6.3; 1Q, 108.6 + 4.7; items correct on pretest, 
6.8 + 3.0. 

Forty junior college males and 24 male sci- 
entists acted as a control group without regard 
for their alpha rhythm. ‘These Ss were used to 
obtain an estimate of the probability of correct 
answers being chosen on a multiple-choice test, 
since it seemed unlikely that educated Ss would 
select their answers to unknown questions solely 
by chance. This control group was first given a 
pretest to determine the number of test questions 
known without training and before seeing the 
multiple-choice alternatives. With no inter- 
vening training and after items correct on the 
pretest were removed, the pretest significantly 
predicted scores on the multiple-choice test 
This prediction was not significantly improved 
when IQ or age was added in a multiple-regres 
sion equation. 

Control and experimental subgroups 
matched on means and variances of their 10, 
age, and pretest scores. Only the variances of 
the age and IQ of the college subgroups were 
unmatched.? 


were 


* Supporting and additional statistics along 
with data by S have been deposited with the 
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Apparatus 


The Ss slept in clean comfortable beds in three 
separate soundproof, air conditioned, electrically- 
shielded booths. EEG electrodes were applied 
to the right occipital area, the vertex, and the 
left mastoid process, The electrode wires were 
arranged to allow relatively free movement and 
comfort during sleep. Two monopolar EEG 
recordings (right occipital and vertex) were made 
from each S using a six-channel Offner electro- 
encephalograph and Dynograph inkwriter. A 
marker pen mounted on the inkwriter automati- 
cally marked the exact time an auditory stimulus 
was presented to S. The learning material was 
recorded on magnetic tape and played through 
loud-speakers placed inside the booths. A two- 
way intercommunication system allowed Fs to 
communicate with Ss. 


Procedure 


Pretesting period.—Several hours before re- 
tiring, Ss were pretested to discover what in- 
formation they knew in order to have a base from 
which to evaluate how much had been learned 
following “sleep-training” on the same material. 
They were encouraged to guess answers to as 
many questions as they could, since a chance 
guess might be the correct one. No time limit 
was imposed, 

Ninety-six general information questions were 
culled from various books on the basis of the 
following criteria: (a) the information was not 
generally known; (b) the answers required were 
not outside the verbal experience of the Ss; (c) 
questions could be answered in short phrases or 
single words. These same 96 questions and 
their answers were recorded on tape at 5-min. 
intervals for presentation during the sleep period. 
The answer was presented as a restatement of 
the question with the critical information near 
theend. For example, Question: “In what kind 
of store did Ulysses S$. Grant work before the 
war?” Answer: “Before the war, Ulysses S. 
Grant worked in a hardware store.” 

Preliminary period.—Following the pretest, 
Ss prepared for bed and the EEG electrodes were 
applied. Three Ss were run simultaneously. 
Since it was not possible to adjust the auditory 
intensity of the stimulus material in each booth 
individually, it was necessary to find a level satis- 
factory to all three. “Satisfactory” was defined 
as the point at which the training material could 
be heard clearly by the waking S, yet not be loud 
enough to materially disturb him once he was 
asleep. As Ss lay in their booths, practice 
verbal material was played at approximately the 


American Documentation Institute. Order 
Document No, 4738, remitting $1.25 for 35-mm. 
microfilm or $1.25 for 6 X 8 in, photocopies. 


same loudness as the experimental stimulus 
material was to be played. This loudness level 
was adjusted after a number of tests so that the 
S with the highest threshold was able to hear the 
words clearly. 

Before turning out the lights and allowing Ss 
to go to sleep, the following instructions were 
given: (a) if they awakened during the night at 
any time, they were to call out their name and 
booth number as soon as possible and to say that 
they were awake; (b) if they heard the answer to 
any of the question-answer combinations during 
the night, they were to wait until the answer 
was completed, and then call out their name and 
booth number. In order to impress these in- 
structions on S, each was asked to repeat them 
back to E. 

Training period.—Within 5-min. after S re- 
tired, the tape recorder was turned on and the 
question-answer combinations were played into 
the booths at approximately 5-min. intervals. 
A pen automatically marked the EEG record 
whenever a question or answer was played. ‘The 
Es marked on the record whether or not S stated 
he heard the answer. Records of any other 
pertinent information were kept, ¢.g., if S awoke, 
his remarks, and so forth. 

Postiest period.—Shortly after the last ques- 
tion and answer was played, Ss were awakened 
(if they were not already so), permitted to dress, 
and wash their face and hands. ‘The same ques- 
tions which they received on the pretest and 
during the training were again presented for 
them to answer; as before, Ss were encouraged to 
guess. This unaided recall was followed by a 
multiple-choice test in which five alternative 
answers (including the correct one) were pro- 
vided with the questions. 

Control group testing.—All members of the 
control groups were given the 96 questions and 
asked to answer them by guessing whenever 
they were not certain. Following a brief rest 
and no training, they were given the questions 
along with the multiple-choice answers and re- 
tested. 

Intelligence testing. —F ollowing the completion 
of the experiment, both experimental and control 
groups were given the 30-min. Otis Self-Ad- 
ministering Test of Mental Ability, Form D. 


RESULTS 


The basic data available for analy- 
sis were: (a) the levels of sleep during 
the training period as indicated by 
EEG records, (6) the frequencies with 
which Ss immediately reported they 
had heard an answer, and (c) the fre- 
quencies with which Ss correctly re- 
called an answer, both unaided and by 
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TABLE 1 


EEG anv Psycnotocicat Coxpitions ALonc THE 
Steer-Wakerutness Continuum 





% 
Ss 


Electroence phalogram 





Continuous or nearly continuous alpha of maximum 
amplitude and frequency of not more than 1 cps 
slower than the S’s normal alpha frequency. Fre- 
quency and amplitude are slightly less after sleeping 
than before. 


More than 50% of the scoring period contains alpha. 
Also low level, random activity characteristic of an 
alpha block may be present with alpha disappearing 
at the onset of stimulation and returning shortly after 
its cessation. 


Less than 50% alpha but scoring period contains at 
least three cycles of activity having the same fre- 
quency as the O level. The alpha amplitude may be 
of the same or considerably noe amplitude than 
before. 


Contains cyclical activity having a frequency more 
than | cps slower than the Level O record. May in- 
clude waves of mixed duration with periods between 
.12 and .O8 sec. with no one period being dominant. 
Also includes records showing no alpha rhythm dur- 
ing stimulation, but with alpha occurring within 30 
sec. prior to stimulation or following but not both. 


Absence of alpha during the stimulus period and the 
adjacent 30 sec. of record. Stimulus effects may 
occur consisting of low level fast activity or an in- 
crease in activity containing both high and low fre 
quency components, with some waves having periods 
within the alpha range. Low-level delta activity is 
present in the absence of stimulus effects. 


Absence of alpha with an increase of delta and the ap- 


appearance of sleep spindles (14 cps). This state is 
ps nero nl by stimulus effects such as increases in 
amplitude of delta waves with the onset of the 
stimulus. Type of effects vary with individuals. 


A further increase in delta amplitude with a reduction 
in frequency and diminution of stimulus effects and 
sleep spindles. Amplitude of delta almost at maxi- 
mum. 


Absence of sleep spindles and stimulus effects. Ver 
large delta activity with smooth waves of .5- to 1.5- 
sec. duration. 


Psychological Condition 


Awake. 
Relaxed 
closed. 
Responsive to external 
stimulation. 


with eyes 


Drowsy. 


Attention wanders; 
reverie. 

Increased reaction 
time. 


Partial awareness. 


Transition. 

Dreamlike state 

Infrequent responses 
to external stimula- 
tion. 

Onset of sleep. 

Easily awakened. 


Light sleep. 

No _ behavioral 
sponses to 
stimulation (unless 
stimulus awakens). 

Dreams sometimes re- 

membered. 


re- 
external 


Deep sleep. No mem- 
ory for dreams. 
Difficult to awaken. 


Very deep sleep. 

















recognizing the 
choice alternative. 
Sleep levels.—Those portions of the 
EEG record occurring simultaneously 
with the presentation of the answers 
were categorized into 22 distinguish- 


correct multiple- able patterns. These 22 EEG pat- 
terns were divided into eight groups, 
or sleep levels, which were ordered on 
their proportion of visually observable 
cyclical activity within the alpha fre- 


quency range (8-13 cps) and on their 
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amplitude, frequency, and the effects 
of stimulation when alpha frequencies 
were no longer present. This order 
corresponds to S’s state of conscious- 
ness between wakefulness and deep 
sleep and is described in Table 1. 


The categories were based on Ss having con- 
tinuous or nearly continuous waking alpha and 
read primarily from the monopolar occipital 
record, ‘The letter symbols and the descriptions 
of the sleep levels in Table 1 approximate those of 
other experimenters in the field. Most investi- 
gators believe that an individual is asleep when 
Level C is reached, although some believe the 
onset of sleep occurs toward the end of Level B 
(3, 5,9, 11, 12). 

The EEG records were analyzed independ- 
ently by two £s, after first agreeing on a few 
major classification principles. Their independ- 
ent readings of the eight levels correlated .877 
(corrected contingency coefficient) with o, = 4- 
024 when the true correlation is zero. Follow- 
ing this first reading, the two Es worked together 
to agree on the categories for all 2,016 items, 
elaborating on the principles for such categoriza- 
tion and compromising in a few cases where it 
was necessary. ‘The breakdown of EEG levels 
during the drowsy stages before sleep is finer in 
this paper than has been reported previously. 
In the final analysis of the 2,016 sections of 
record, 7% were unclassifiable due to artifacts 
which obscured the EEG pattern, 

Levels O through A will be designated as 
“alpha levels” and B through E as “non-alpha 
levels.” Cyclical activity within the alpha fre- 
quency range (8-13 eps) is found in the first four 
levcis and is absent in the second four, with the 
exception of highly questionable alpha fre- 
quencies appearing during stimulation at the 
borderline between waking and sleeping. Sleep 
levels always refer to the levels at the time of 
stimulus presentation and never at the time of 
the immediate response or of later recall. All 
scoring of the EEG records was completed prior 
to the scoring of the information tests. When 
there was doubt as to the presence of alpha due 
to its low amplitude, very small quantity, or 
masking by other activity, it was the policy to 
place these patterns into the deepest alternative 
level. 


Immediate response and unaided 
recall.—-The “immediate response” or 
“reported heard” analysis was based 
on 1,827 items; items were removed 
when the EEG was obscured by arti- 
facts and when it was impossible to 
determine which of the three Ss run- 





m——Recailied correctly (R) 
¥ Reported heord (H) 


$ & 


Percent 








0 4 : 
Sieep level O At A he € 
No of subjects 19 =§=2) 20 «62! 2) 2) 9 12 

Tote! items (MH) 163 168 225 275 440 355 i368 63 

Total items (MR) 169 156 210 267 400 335 117 66 








Fic. 1. ‘the percentage of items reported 
heard during the stimulation at varying levels 
along the wake-sleep continuum and the per 
centage subsequently recalled correctly unaided. 
The number of Ss contributing to each level and 
the number of items from which each percentage 
was computed are shown. 


ning simultaneously had responded. 
The “unaided recall” analysis was 
based on 1,690 items; items were re- 
moved when the EEG was obscured 
by artifacts and when the items were 
known on the pretraining test. 

The percentage of items reported 
heard at time of presentation and the 
percentage correctly recalled unaided, 
upon awakening, are shown in Fig. 1. 
These percentages in Fig. 1, based on 
the combined data for all Ss and items 
occurring at each level, decrease as the 
amount of alpha decreases and delta 
appears, that is, as the sleep level 
deepens. 

Of the items recalled correctly on 
the entire test, the following percent- 
ages were reported heard: Level O, 
90% ; Level A+, 85%; Level A, 79%; 
Level A—, 69%; Level B, 49%. 
Below Level B no items were reported 
heard and only 8 out of 508 items were 
answered correctly. Four Ss_ indi- 
cated that after an extended period of 
wakefulness, they heard answers but 
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TABLE 2 


Noumeper or Irems Rerpoxrten Hearn (H—), 
Answerep Correctty (R—), or Boru 
(HR) in tHe Non-Acpna Levens 


| 4 j : 
Items | | } No. of Ss 
Possible | HR 


Contrib 
uting 


| 


' ' 


* Five of these were answered correctly on the pre- 
test. 

** Two of these may or may not have been heard; 
answers were too indistinct to determine which of three 
Ss reported 


deliberately failed to report since 
they wanted to go to sleep. 

The percentage correct at each level 
when based on the combined data did 
not differ significantly from the per- 
centage correct computed as the mean 
of all Ss’ individual percentage correct 
(t = 1.82, 7 df). All individual Ss 
showed the same tendency to reduce 
the percentage heard and recalled as 
alpha disappeared. 

Some items, however, were immedi- 
ately responded to and recalled later 
in Levels B through E. The break- 
down of these items by level, type of 
response, and number of Ss contribut- 
ing are shown in Table 2. Twelve of 
the 19 correctly recalled items pre- 
sented in Level B appear to be the 
effect of bona fide learning. These 
were cases when the Level B EEG pat- 
terns were of specific types occurring 
during stimulation and were related to 
arousal from sleep. These patterns 
were characterized by low level, fast 
random activity quite similar to the 
“activation pattern” found in animals 
(10, 14), as well as by an increase in 
random activity containing both high 
and low frequency components. In 
the latter pattern, mixed alpha fre- 
quencies occurred simultaneously with 
significant quantities of delta activity. 
Both patterns appeared to be different 


aspects of a stimulus effect at the 
borderline between sleep and wake- 
fulness. Since both alpha and delta 
appeared, the pattern was assigned to 
Level B, the transition state, rather 
than Level A— in accordance with 
the policy stated earlier. When these 
patterns are observed, arousal is im- 
minent if stimulation continues. All 
of the items reported heard and re- 
called correctly (HR), half of the 
items reported heard only (H—), and ° 
four of the items recalled correctly 
(R—) in Level B could be accounted 
for by these patterns associated with 
arousal. 

Eight items in Table 2 were heard 
only without any arousal patterns 
being observed. It cannot be deter- 
mined from this study whether the 
answers which were reported heard 
were also understood; at least, they 
were not recalled. 

Were the remaining items recalled 
correctly in Levels B through E (after 
removing items occurring during the 
arousal patterns) really learned during 
sleep-training? Since the range of 
reasonable answers to many of the 
questions in this experiment was re- 
stricted, the likelihood of a correct 
guess on the posttest increased if an S 
habitually changed his answer from 
first to second trial. Although it can 
never be proven that these 15 out of 
508 items were answered correctly by 
guessing, the hypothesis was tested as 
follows: An index of changeability 
was determined for each S by examin- 
ing only those items which he answered 
incorrectly on both pre- and posttests ; 
this was done in order to avoid changes 
brought about by obvious learning. 
When the number of items recalled 
correctly without being reported heard 
and not associated with arousal EEG 
patterns was correlated with the per- 
centage of incorrect answers changed 
between pre- and posttests by the 21 


Ss, the relationship was positive 
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oO i i 
Sieepievel O At A Am E 
No. ofsubjects 19 2! 20 2) 21 2) 12 
No. ofitems i159 156 210 257 400 333 17 886 





Fic. 2. The percentage of answers recog- 
nized on the multiple-choice test after being pre- 
sented at varying levels along the continuum be- 
tween a waking and deep sleep state. The 
shaded portion represents plus and minus one 
standard error of the percentage. ‘The expected 
value was that obtained from an untrained 
control group of comparable ability answering 
the same items. 


(r = .68). 


This correlation, signifi- 
cant below the .01 probability level, 
supports the hypothesis that those 
persons changing their answers the 
most increased the number of correct 


guesses that they made. In other 
words, the 15 correct items could be 
the result of guessing. 

Examination of individual S’s data 
revealed that they all followed the 
same trend as shown by the curves in 
Fig. 1. The few cases of apparent 
recall that are shown in Table 2, ac- 
counting for roughly 1.5% of all the 
items below Level B, are attributable 
to only a few Ss. No S contributed 
more than two items and their occur- 
rence in any sleep level was haphazard. 

Recognition test.—Figure 2 shows 
the percentage of items recalled cor- 
rectly for all Ss when multiple-choice 
answers were provided, along with the 
standard error of these percentages. 


As in Fig. 1, with a decrease in alpha 
frequencies at the time of presenta- 
tion, there was a corresponding de- 
crease in the number of items recalled 
later. Unlike the others, however, 
the recall curve from this recognition 
test leveled off around 23% instead of 
dropping to zero. 

Since it was possible for Ss to ans- 
wer correctly solely by chance on the 
multiple-choice test, it was necessary 
to compare the percentages obtained 
by the experimental groups with an 
empirical estimate of what the the- 
oretical percentage would be. Al- 
though 20% was chance expectancy 
for this test, the difficulty of making a 
perfect multiple-choice test with ans- 
wers equal in selectivity caused the 
Es to use scores of a control group as 
the basis for estimating the expected 
value. 

It was found that the scientist con- 
trol subgroup answered 26% cor- 
rectly without training and the college 
control subgroup answered 22% cor- 
rectly. The expected percentages 
shown in Fig. 2 were based on empiri- 
cal values from the control groups 
weighted according to the items con- 
tributed by the scientist and college- 
police experimental groups in each 
sleep level. 

Thus, from Fig. 2, it can be seen 
that the expected values remain es- 
sentially the same for all sleep levels, 
while the values observed from the 
experimental group changed. In 
Levels O through A-—, the experi- 
mental Ss showed a _ considerably 
higher percentage correct, while in 
Levels B through E, the percentage 
correct for the experimental group was 
essentially equal to (within +.50%) 
and in most cases less than the mean 
expected value. 

Since the values in Fig. 2 were based 
on combined data for all Ss, hiding 
possible individual learning, the data 
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were analyzed by S._ In order to have 
a sufficiently large expected value for 
computing x? for each S, level O 
through A— (alpha levels) were com- 
bined as were Levels B through E 
(non-alpha levels). These were com- 
pared with the mean percentage cor- 
rect for the appropriate control sub- 
group. The x’s from these analyses 
are shown in Table 3. No experi- 
mental S recalled correctly signifi- 
cantly more multiple-choice items 
than would be expected from the 
estimated percentages obtained from 
the untrained control group. 

In order to determine whether any 
learning had occurred in the lightest 
sleep level but had been masked by 
combining those data with the deeper 
sleep levels, individual xs were 
computed whenever possible for the 
results in Level B. Twelve of the Ss 
had scores equal to or less than the 
expected value. ‘Three Ss scored in- 
significantly higher than the expected 
value (x*s = .34, .21, and .O1; 1 df). 


For five cases, expected values were so 


TABLE 3 


x's or Inpivipvat Ss Suowine Tue Sicnirt- 
CANCE * or DirvFERENCES BETWEEN OpSERVED 
anp Expectep VaLues or LeARNINGS IN 
Avena anp Non-Aupua Leve ts 


Levels O 
through 
Ae 


Levels O| Levels B 
through | through 
A- E 


Levels B 
through 
E 


7 


10.38 
33.12 
46.39 
151.30 
7.31 
32.43 
55.69 
5.41 
47.35 
43.10 
A7 


mo one | 
PPSOUVAMS wee | 























* > values higher than 3.84 (1 df) indicate that S 


answered significantly more items correct on the multi- 
ple-choice test than would be expected from the mean 
of his control subgroup (P = .05). 

** This S anewered 5 out of 49 correctly. This was 
significantly less than the 10.8 expected correct when 
based on scores of his appropriate control subgroup. 


small that x? could not be computed. 
Two of these, with a 22% expected 
value, had 5 out of 14 and 4 out of 16 
answered correctly while three Ss, 
with a 26% expected value, had 4 out 
of 7, 2 out of 4, and 3 out of 10 ans- 
wered correctly. Only one S showed 
a significant x? of 5.9, with 1 df. for 
Level B. For this S, 11 out of 24 
items were answered correctly. Of 
these 24, eight occurred when EEG 
patterns associated with arousal oc- 
curred; when these items were re- 
moved, 5 out of 16 were correct where 
4 correct were expected. 


Discussion 


The results support the hypothesis 
that learning during sleep is unlikely. 
Although a few items were answered 
correctly unaided, with the easier rec 
ognition test (13) no more items were 
answered in Levels B through E by the 
experimental group than would be 
expected from the performance of the 
untrained control group. Since it is 
generally conceded that sleep occurs 
somewhere during Level B, then it ap 
pears that learning was slight, if any, at 
this point or below. There appears 
some basis for assuming that many of 
these atypical cases were artifacts and 
not true sleep-learning. 

What had been done in the present 
sleep-learning study that had not been 
done adequately in any previous studies 
(16) was the careful monitoring of Ss 
during the presentation -period so that 
their levels of sleep during training were 
always known. The use of the EEG for 
this purpose proved most adequate. 

The experiment was designed to get a 
continuous function rather than a dichot 
omous relation between responsiveness 
and consciousness along the wake-sleep 
continuum. Preliminary exploration 
(15) suggested the present design to be 
an appropriate one, although it involved 
certain calculated limitations related to 
the selection of Ss, the conditions under 
which experimental and control groups 
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were tested, and the number of stimulus 
repetitions. 

Research on alpha dominant Ss cannot 
justifiably be generalized to the general 
population, although there is no con- 
clusive evidence that alpha dominant 
and rare alpha individuals differ on fac- 
tors contributing to learning—certainly 
not on intelligence (11). The Ss were 
chosen with above average IQ’s to maxi- 
mize the probability of learning. In the 
preliminary work, Ss with considerably 
less dominant alpha rhythms were some- 
times used. Although the borderline be- 
tween drowsiness and sleep was more 
difficult to detect from the EEG with 
these Ss, material presented when delta 
activity was present was never recalled 
later. 

Experimental and control groups were 
tested under alightly different condi- 
tions. The control group in the present 
study was given one unaided pretest fol- 
lowed by the multiple-choice posttest 
with no intervening training. The ex- 
perimental group received an unaided 
pretest followed by training and then a 
second unaided posttest before taking 
the multiple-choice posttest. To what 
extent the additional unaided posttest 
effects the comparison between groups is 
unknown. However, it has generally 
been shown that additional practice 
such as this second test provided en- 
hances learning (6). This again would 
increase the probability that the experi- 
mental group would show even more 
learning on the multiple-choice test than 
the control. This was not found to be 
the case in the Levels B through E as- 
sociated with sleep. 

Experimental Ss were given each item 
only once during training? This was 
necessary to correlate an answer with a 
sleep level, for sleep levels varied 
throughout the night and had items been 
repeated, there would have been no 
assurance that they would have occurred 


* Prior to the publication of this paper a sec- 
ond study (4) was completed in which material 
was presented to Ss between 16 and 82 times. 
No learning occurred so long as the material 
was presented in non-alpha levels. 


in the same levels each time. Neither 
Stampfl (17), Hoyt (7), nor Coyne (2) 
found that varying the number of repeti- 
tions had any effect in their sleep-learn- 
ing studies. None of these investigators 
found evidence of sleep-learning. The 
meaningfulness and simplicity of the test 
items tend to favor retention (6); tests 
showed that approximately 86% of pre- 
viously unknown items could be retained 
by awake and alert Ss with a single 
repetition. 

The above three limitations were ac- 
cepted by the Es since in most cases 
they should tend to enhance any sleep- 
learning potential that might exist and 
thus disfavor the hypothesis which was 
tested. In spite of this, the evidence 
for learning was inconsequential as long 
as a rigid control on the measure of the 
depth of sleep was maintained. 

Although it appears that learning dur- 
ing real sleep is not feasible, the practical 
utilization of the drowsy state for train- 
ing is still open to speculation. The re- 
sults in this study show that approxi- 
mately 30% of the simple and highly 
organized material presented in the pe- 
riod just prior to sleep was recalled. 
Just how efficient learning in this state 
is has not been sufficiently evaluated ex- 
perimentally. Anderson (1) found that 
the amount of recall decreases when 
training follows sleep closely. One must 
weigh the advantages of limited learning 
against the possible harmful effects from 
loss of sleep as well as against the time 
demanded to learn in the subnormal 
receptive state. It may be that in the 
drowsy state preceding sleep, the indi- 
vidual is more susceptible to suggestion; 
perhaps one’s attitudes or habits can be 
modified during this presleep period 
when criticalness is minimized (8). 
Perhaps the future development of new 
and unknown techniques will permit 
someone to learn complex material while 
he sleeps, but for the present, sleep- 
learning is not the simple matter that 
some Es and commercial firms, which sell 
equipment for this purpose, would lead 
us to believe. 
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SUMMARY 


‘Twenty-one Ss were selected on the basis of 
IQ (average or above) and an EEG showing a 
continuous alpha rhythm when they were awake 
and resting with their eyes closed. They were 
given a preinformation test of the sleep-training 
material and then permitted to sleep for 8 hr. 
No attempt was made to control the depth of 
sleep although EEG’s were taken continuously 
from the occipital region. Ninety-six questions 
and answers were played to Ss once each at 5-min. 
intervals throughout the sleep period. The Ss 
were instructed to indicate immediately if they 
heard an answer. On awakening the next morn- 
ing, Ss were given the questions and asked to 
write the answers. Following this they were 
given five alternative answers and asked to check 
the correct one. 

EEG patterns occurring during stimulation 
were assigned to one of eight sleep levels. Both 
the percentage of immediate responses and the 
percentage of items recalled correctly decreased 
as the percentage of alpha frequencies decreased. 
Shortly after occipital alpha frequencies disap- 
peared from the EEG, immediate responses and 
item recall also stopped. ‘This was more evident 
when tested by recognition than by unaided re- 
call. Approximately 5% of the items presented 
during non-alpha levels were responded to im- 
mediately, recalled later, or both. A majority 
of these items occurred when particular FEG 
patterns associated with arousal occurred; alter- 
native explanations other than sleep-learning are 
offered for the few remaining items. Learning 
during real sleep is concluded to be impractical 
and probably impossible. The possibility of 
utilizing the drowsy state where material is 
_ retained is discussed. 
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THE PRECISION OF CHOICE REACTIONS! 


E. C. POULTON 
Applied Psychology Research Unit, Cambridge, England 


In the early experiments on choice 
reactions, the appropriateness of a 
reaction was noted, but no attempt 
was made to record its precision (5, 
pp. 298-339). The current informa- 
tion-theory model of choice reactions 
has simply followed this tradition. 
Each choice reaction has been treated 
as identical with every other reaction 
of its particular order, regardless of 
its precision (2). This greatly re- 
duces the use which can be made of 
models derived from reaction experi- 
ments, in the study of simple con- 
tinuous skills such as tracking. For 
in these continuous tasks the error is a 
function of precision, as well as of 
speed of reaction. In tracking with 
an adequate view of the course ahead, 


precision is the more important con- 


cept. The error in terms of the 
average time lag behind the course is 
small compared with the error in terms 
of the average time off course (3, 
Table 3). 

The present experiment was de- 
signed primarily to determine whether 
a one-choice reaction is made with 
greater precision than a two-choice 
reaction. A subsidiary aim was to 
determine whether the precision and 
reaction time (RT) of a two-choice 
reaction are altered by the insertion 


of 50% of catch tests (5, p. 308). 


'The influence of Professor Sir Frederic 
Bartlett, F.R.S., is clearly shown in this paper. 
Mr. E. R. F. W. Crossman advised me in the 
interpretation of the graphic records. Miss 
V. R. Cane gave advice on statistical methods. 
Mr. C. B. Gibbs loaned the apparatus which 
produced the signals. ‘The Ss were supplied by 
the Royal Navy. Financial support from the 
British Medical Research Council is also grate- 
fully acknowledged. 


MetTuop 


A paper tape moving at 3.9 cm. per sec. 
carried (a) a center line, (b) a target line 1.0 in. 
to the right, with an additional line on each side 
of it .125 in. away, and (c) a target line 2.0 in. 
to the left of the center line, with an additional 
line on each side .25 in. away. The S held a 
ball-point pen, which had to be moved against 
a transparent bar lying at right angles to the 
direction of movement of the tape. There was 
a bell at head height on each side of him at a 
distance of about 6.0 ft. Whenever he heard 
the bell on his right ring, he had to make a 
quick 1-in. out-and-back movement to the right 
from the center line, aiming to change direction 
on the right-hand target line. Whenever he 
heard the bell on his left ring, he had to make a 
corresponding 2-in. movement to the left. The 
lines on each side of the target lines gave the 
permitted limits of precision for the positions 
of the changes in direction. 

As the bell on one side rang, the pen drawing 
the inner of the two permitted limits of precision 
on that side was deflected. The pen was 
screened from S. It was mounted .5 in. away 
from the transparent bar along which his pen 
traveled. At the speed of movement of the 
paper tape, the mark made by the deflection 
took .33 sec. to reach the bar. His outward 
movement from the center had to cross the line 
drawn by this pen before the mark made by the 
deflection reached the bar. By looking at the 
paper tape, he could see at once if his reaction 
had met these criteria of time and precision. 
The time limit was applied in order to ensure 
that he reacted as soon as he could after the 
presentation of the signal. His state of pre- 
paredness at the time of presentation of the 
signal would thus be his state of preparedness as 
he reacted. 

Each bell rang for about 1 sec. No warning 
signal was given before a bell started to ring, 
but the interval between the start of one ring 
and the start of the next was either 2.1 or 4.2 
sec. Series of signals thus contained four com- 
ponents of combined time and direction. In the 
one-choice condition the order of the four com- 
ponents was fixed as follows: quick left, delayed 
left, delayed right, quick right, quick left... . 
In the two-choice condition the order of the com- 
ponents was random, except that every series 
contained at some point a group of four patterned 
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components, each of which had the same rela- 
tionship to the previous component as in the 
one-choice condition. The patterned section 
was inserted into each two-choice series, in case 
the one-choice sequence was intrinsically easier 
or more difficult to respond to than the random 
sequences of the two-choice condition. The S 
was told that the order of the four components 
in the two-choice condition was quite random. 
In half the trials a bell would ring 2.1 sec. after 
the start of the previous bell. A bell would ring 
4.2 sec. after the start of the previous bell, if it 
had not rung after 2.1 sec. 

Each S received four combined practice and 
test periods of about | hr. each on different days 
in the same week. The half of the Ss who com- 
prised Group 12 spent the first two periods on the 
one-choice condition and the last two on the 
two-choice condition. The half who comprised 
Group 21 performed the two conditions in the 
reverse order. Two Ss were tested each week, 
one from each group. The composition of the 
groups was equated as far as possible for in- 
telligence and scholastic achievement. 

Before performing the one-choice condition, S 
was taught the repeating pattern, and practiced 
responding to it. A similar amount of in- 
struction and practice was given before the 
two-choice condition. It was designed to per- 
suade S that the order of the components in the 
test series would be random. Eight test series 
were performed each day. The 16 test series 
of the two-choice condition were presented in 
random order to each S._ Series contained from 
four to six practice signals, and then 12 test 


signals. Before each series S was told how 
many practice signals there would be. An in 
crease in the speed of the paper tape as the last 
practice signal was presented indicated that the 
test signals were about to begin. Immediately 
after the completion of each series, the paper 
tape was examined by S and E together. Re- 
actions which satisfied the combined criterion of 
time and precision were scored as correct, and S 
was encouraged to try even harder. He reacted 
altogether about 300 times under each condition. 

Scoring.—A correct reaction (see Table 1) had 
to satisfy the combined criterion of time and 
precision. A reaction which started before the 
signal (premature) was scored like a normal 
reaction unless it was followed by a reaction at 
the proper time. A reaction which started 
toward the wrong target (start wrong) generally 
merged into a reaction toward the correct target, 
and only the latter was scored. But in both 
conditions about one-fifth of the wrong starts 
were not followed by an adequate correction. 
They thus correspond to errors in the conven- 
tional experiment on choice reactions. With 
about 40% of the double outward movements in 
both conditions, only the first part of the move- 
ment was counted. With the remainder, the 
two parts were scored as a single reaction.” 

Median RT's are shown in Tables 1 and 3 

7A more detailed discussion of the criteria 
used for scoring atypical reactions has been filed 
in the American Documentation Institute. 
Order Document No. 4702, remitting $1.25 for 
microfilm or $1.25 for photocopies. 


TABLE 1 
Summary or Major Resutts 





Frequency of Categories of Reaction | 


Reaction Measures 





Condition 
Over- | Under- 


Correct shoot 


One-choice 
Group 12 
Group 21 


50% 
50% 


20% 
22% 


Two-choice 
Group 12 
Group 21 


27%, | 22% 
9%,* 27 


P (One-choice vs. 

two-choice) 
Group 12 02 
Group 21 001 

Both Groups 001 . 02 














Prema- 
shoot ture 


Double 
Out. 
Movement 


Mean 
Speed 
(Cm./Sec.) 


Mean 
Error 
(Mm.) 


Start 


Median 
Wrong RT 


(Sec.) 


33%, 3.7 M 
16% 14 


15% 
12%, 




















Note.—Only P values of .0S or better are shown. 
* Two-choice Group 12 vs. Group 21 P = Ol. 
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because the distributions were skewed (4). The 
significances of the differences in RT were 
calculated from the medians of the individual Ss, 
usingt. The speed of movement was determined 
after excluding the initial acceleration and final 
retardation. ‘Two-tailed tests of significance 
have always been used. 

Subjects. —The 16 Ss were all enlisted men in 
the British Royal Navy, aged between 18 and 
24 yr. 


REsuULTs 


Table 1 shows the differences be- 
tween the one-choice and two-choice 
conditions for both groups of Ss. No 
significant difference was found be- 
tween reactions after 2.1 sec. and 
reactions after 4.2 sec. The results 
for the two-time intervals have there- 
fore been pooled. The only significant 
difference between the patterned and 
random parts of the two-choice condi- 
tion was in the number of reactions 
which started in the wrong direction. 
With both groups of Ss the patterned 
parts gave more wrong starts (p = .02 
for the two groups combined). As 
there were no other differences be- 
tween the two parts, the results have 
been pooled. It was not possible to 
ask Ss directly whether they realized 
that a patterned part was present in 
every two-choice series, in case this 
fact was transmitted to subsequent 
Ss. But E formed the impression 


E. C. POULTON 


TABLE 2 


Distaisutions or RT’s 


One 


| Choice* | Two-Choice 


‘eae 


Group - Group 21 


Groups 12 
and 21 


4% 
& 


|— 


Shorter than .10 | 


25-2 
0 and longer 


*The distributions for the two groups did not 
differ significantly under this condition. 


that if any of them were aware of it, 
the awareness was by no means clear 
enough to be verbalized. The serial 
position of the test item also made no 
difference. 

No reaction was successful if its 
RT was as long as .22 sec. In the 
two-choice condition no reaction was 
successful if its speed of movement 
was less than 17 cm./sec. There was 
a significant negative association in 
the two-choice condition between 
overshoots and undershoots, when the 
performances of the different Ss were 
compared (tau = — .60). 

The distributions of RT’s for the 
one-choice and two-choice conditions 
are shown in Table 2. The means 


TABLE 3 


Errects or Lenctu or Movement 


Mean Error (Mm.) 


Condition 


2-in 
Movt 
To Left 


Movt. 
To Right 


One-Choice* 
Groups 12 and 21 





Two-Choice 
Group 12 
Group 21 


OO] 
05 








Note.—Only P values of .0S or better are shown. 


2-in 
Movt 
To Left 


4 


18 
24 


Mean Speed 
(Cm 


of Movement 
Sec.) 


Median RT (Sec.) 


1-in 
Movt. 
To Right 


2-in 1-in, P 
Movt Movt. |(2in. vs 
To Left To Right! 1 in.) 


4 Ol 





20 
.27 


46 
45 











* The two groups were not significantly different on any measure under this condition. 
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were: one-choice .08 sec., two-choice 
Group 12 .20 sec., two-choice Group 
21.27 sec. The RT’s of the wrong 
starts were taken as the times until 
S’s pen began to move in the correct 
direction. However, the RT’s of the 
initial incorrect movements did not 
differ significantly from the distribu- 
tions shown here. 

The reaction measures for right and 
left movements are shown in Table 3. 
There was no significant difference 
between right and left in the frequency 
of any of the categories of reaction 


listed in Table 1. 


Discussion 


Number of choices and precision.—The 
one-choice reaction has been described as 
a “prepared reflex” (5, p. 305). In the 
two-choice situation S cannot be as 
ready asthis. For he has to be prepared 


to react in both directions, and also to 
inhibit whichever of the two prepared 


reactions is not required. The results 
show that this reduced readiness is re- 
flected in reduced precision, as well as in 
alonger RT. It may be the readiness to 
inhibit which is reflected in the increased 
tendency to undershoot (Table 1). 

Catch tests under two-choice conditions. 

In the two-choice condition a signal 
could be expected after 2.1 sec. in only 
50% of the trials; whereas if no signal 
was presented after 2.1 sec., a signal was 
certain 2.1 sec. later (see Method). It 
was predicted that the 50% of catch 
tests at 2.1 sec. would increase the RT 
at this time interval, and possibly also 
reduce precision, since in one-choice ex- 
periments the insertion of a large number 
of catch tests is known to increase the 
RT (5, p. 308). The finding that there 
was no difference between the two time 
intervals in the two-choice condition 
‘failed to confirm this prediction. Fail- 
ure was not due simply to the greater 
difficulty of reacting after the longer time 
interval. For there was also no differ- 
ence between the two time intervals in 
the one-choice condition in which there 


101 
was no uncertainty in the 
presentation of the signals. 

The result is consistent with Hick’s 
view that “no stimulus” is treated “‘as if 
it had the same probability as any 
particular stimulus” (2, p. 13). For in 
the two-choice condition S had to wait 
for the signal before reacting, or he ran 
the risk of starting in the wrong direction. 
And the inevitable uncertainty in the 
exact time of presentation of each signal 
(whether after 2.1 or 4.2 sec.) was 
equivalent to one or more catches per 
signal. Hence, in Hick’s view, the 
additional catches introduced by E 
should have made no difference. 

The RT model for tracking in one 
dimension is thus two-choice, not three- 
choice as previously believed (3, p. 405). 
The two choices are to increase or de- 
crease speed, or whatever differential of 
position with respect to time S§ is re- 
acting to. Not to change in speed does 
not need to be counted as a third choice, 
since it simply corresponds to the catch 
tests of the present experiment. 

Very short two-choice RT’s.—The RT 
distributions in the one-choice condition 
(Table 2), and of Group 21 in the two- 
choice condition, are consistent with 
previous results (5, pp. 321-325 and 332- 
333). But the RT’s of Group 12 in the 
two-choice condition are about .05 sec. 
shorter than usual, although there were 
only 2.1% of errors in the conventional 
sense (uncorrected wrong starts). This 
result appears to have been due to the 
incentive of immediate knowledge of 
results, following practice and a high 
level of aspiration in the one-choice con- 
dition. A reduction in the one-choice 
RT by incentives has been demonstrated 
previously (5, pp. 322-323). 

Interaction between lengths of move- 
ment.—Table 3 shows that the mean 
error of the 2-in. movements to the left 
was not double that of the 1-in. move- 
ments to the right, although the per- 
mitted limits of error for a_ correct 
reaction were twice as large. Thus the 
2-in. movements satisfied the criterion of 
precision significantly more often than 
the 1l-in. movements (P = .01 for the 
two conditions, combined). 


times of 


However, 
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the speed of the 2-in. movements was not 
twice that of the 1-in. movements (al- 
though in the two-choice condition the 
increased time taken by the 2-in. move- 
ments was partly compensated for by a 
shorter median RT). Thus in both 
conditions the two sizes of movement 
were correct about equally often by the 
combined criterion of time and precision. 

These findings for precision and speed 
of movement are different from those of 
Fitts for reciprocal tapping (1). Fitts 
found that § adapted his rate of respond- 
ing pretty well to the permitted limits of 
precision. However, in Fitts’ experiment 
S only made one size of movement in 
each experimental series, whereas in the 
present experiment two sizes of move- 
ment alternated in the same series. 


SUMMARY 


it was desired to determine whether a one- 
choice reaction is made with greater precision 
than a two-choice reaction. A subsidiary aim 
was to determine whether a two-choice reaction 
is affected by the insertion of 50% of catch tests. 

An auditory signal was presented either to the 
right or to the left of S, and he had to react in 
the corresponding direction with a l-in. move- 
ment to the right or a 2-in. movement to the left. 
A criterion that combined time and precision had 
to be met. In the one-choice condition he knew 
in advance the direction and time of presentation 
of each signal, since the sequence of signals was 
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arranged in a simple pattern that was learned 
before the condition was performed. In the 
two-choice condition he was told in advance that 
there were only two possible times of presenta- 
tion, and only two possible directions of the 
signal, but that the order was random. 

It was found that the one-choice condition 
was performed with greater precision than the 
two-choice condition. There was no difference 
in the two-choice condition between the two 
possible times of presentation of the signal. 
Thus 50% of catch tests had no effect in this 
condition. When the two-choice condition was 
performed after the one-choice condition, RT’s 
were about .05 sec. shorter than those usually 
reported, There was evidence of an interaction 
between the l-in. and 2-in. movements. 
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EFFECT OF LONG-TERM PRACTICE AND TIME-ON-TARGET 
INFORMATION FEEDBACK ON A COMPLEX TRACKING 
TASK! 


FE. JAMES ARCHER, GEORGE W. KENT,*? AND F. A. MOTE 


University of Wisconsin 


Except for some very early experi- 
ments by Bryan and Harter (4) and 
Swift (9), there have been practically 
no long-term learning studies; and 
aside from one study (2) there is a 
complete lack of research examining 
on-target behavior in pursuit track- 
ing. Most studies measuring per- 
formance in some tracking task have 
taken total cumulative clock time as 
a measure of goodness of performance. 
For example, in rotary pursuit experi- 
ments a circuit is so devised as to run 
a clock when S is in contact with the 
target and not operate the clock when 
S is not in contact. If a trial is of 
given duration, the determination of 


goodness of performance is easily ex- 
pressed in terms of percentage of pos- 


sible time on target. However, an 
important aspect of tracking behavior 
is lost with such a recording procedure. 
Good tracking behavior not only in- 
cludes being on target for a high per- 
centage of the time but also includes 
the acquisition of the skill of staying 
on target for long intervals continu- 
ously. A cumulative clock score does 
not differentiate between being on 
target once for | sec. continuously and 
10 times for .1 sec. although the first 
tracking behavior is superior to the 


1 This research was supported in part by the 
United States Air Force under Contract No. 
AF 33(038)-23294, monitored by the Armament 
Systems Personnel Research Laboratory, Air 
Force Personnel and Training Research Center, 
Lowry Air Force Base, Denver, Colorado. 
Reproduction in whole or in part permitted for 
any purpose of the United States Government. 

? Now at Bridgewater College, Bridgewater, 
Virginia. 


second. The most obvious way to 
obtain records of time continuously 
on target is with an ink-writing poly- 
graph. It is also obvious that the 
reading of such records is a very tedi- 
ous and time-consuming, operation. 
The present study employed electronic 
sequential timers which counted the 
frequency of durations of time con- 
tinuously on target. 

The results of a study by Reynolds 
and Adams (8) suggest that good per- 
formance, when defined as long inter- 
vals continuously on target, might be 
learned through the use of some de- 
layed feedback signal. In their study, 
S was given a click as a signal after he 
had been on target continuously for a 
stated duration. The required con- 
tinuous on-target duration was sys- 
tematically varied and an optima! 
duration was found. Of greatest 
interest was the result of a nonrein- 
forced transfer test. When the click 
was no longer presented following a 
.5-sec. interval, the group which had 
been so reinforced during the training 
period continued to perform at a level 
superior to a control group that had 
never received a click. A variation 
of this procedure was used in the 
present experiment. 

The present experiment was under- 
taken to study the change in complex 
tracking performance over a relatively 
long training period and to examine 
the effect of a delayed information- 
feedback signal upon time continu- 
ously on target. We would predict 
that as S improves in total time on 
target he does so not by simply in- 
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creasing the number of hits of all 
durations but rather by increasing the 
frequency of long duration hits at the 
expense of shorter hits. In the light 
of the Reynolds and Adams study (8) 
we would expect superior perform- 
ance by the reinforced group even 
though the on-target signal is delayed. 
Furthermore, if the results of Rey- 
nolds and Adams can be generalized 
to considerably more complex track- 
ing tasks, the reinforced group should 
continue to do better than the control 
group when both are not reinforced. 


PROCEDURE 


Subjects.—Thirteen paid, male University of 
Wisconsin students served in this experiment for 
50 sessions.*? None of the Ss had ever operated 
the apparatus although all had served in other 
psychological experiments. On the first day all 
Ss were read detailed instructions on the effective 
operation of the gunsight, and on the basis of the 
first day’s performance, as measured by total 
time on target, the Ss were assigned to one of two 
groups. One group, hereafter designated the 
Control Group, was given no additional instruc- 
tions on the second and succeeding days. They 
were simply reminded of their previous days’ 
performance and encouraged to try to do better. 
The other group, hereafter designated the Experi- 
mental Group, was told that they would receive 
a special signal if they stayed on target continu- 
ously for 1 sec, This special signal was a 1000- 
eps tone presented over a pair of earphones. 
The tone was clearly audible but not irritating. 
Unlike the Reynolds and Adams study (8), the 
tone would continue to be heard if S remained 
continuously on target after 1 sec. For example, 
if S were to get on target for 1.3 sec. continuously, 
he would hear a tone for .3 sec. ‘The Ss in the 
Experimental Group were told that they were 
members of a special group and were requested 
not to discuss the special signal with anyone. 
They could talk about their scores but not about 
the signal. ‘The secret was fairly well kept— 
some Ss in the Control Group felt they knew after 
about 25-30 days. Other members of the Con- 
trol Group did not know until after the 40th day. 
Knowledge of the other group’s conditions was 


‘Initially 14 Ss were started in the experi- 
ment, 7 in each of the two groups. After 14 days 
of training, however, one of the Ss in the Ex- 
perimental Group became ill and had to drop 
out of the experiment. 
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felt to be critical only insofar as the Control 
Group might perform at a lower level because 
they felt they could not or should not do well 
since they were deprived of a certain amount of 
knowledge of results. All Ss had at least six 
sessions per week, almost always on different 
days. Sometimes, because an S left town for 
the week end, it was necessary to have two ses- 
sions a day to keep him on schedule. In no case 
was an S permitted to have three sessions a day. 
If two sessions were run on a single day, they 
were separated in time by at least 6 hr. Start- 
ing with Session 37 all Ss had one and only 
one session per day every day including Saturday 
and Sunday. ‘The entire experiment required 
66 days to complete. 

Apparatus and task.—A Mast Development 
Company modification of the Pedestal Sight 
Manipulation Test (PSMT) (6) was used in this 
study. This device has three major components 
(a) a flight generator unit which projects an 
image of the attacking fighter plane onto (b) a 
cylindrical screen 60 in. high and 93 in. wide, 
and (c) a ‘pedestal sighting station. The latter 
was operated by S to track and frame the appar- 
ent attacking planes. The pedestal sight is 
mounted on top of the flight generator with its 
vertical axis coincident with the center of curva- 
ture of the screen. The radius of curvature of 
the sereen is 5 ft. ‘The pedestal sight projects a 
pattern of dots onto the screen. There is a 
center dot which is to be kept on the nose of the 
attacking plane by rotating the sight about its 
horizontal and vertical axes. This aspect of the 
sighting reticle enabled S to track in both azi- 
muth (A) and elevation (E). In addition to the 
center dot there is a ring of dots, the diameter of 
which can be adjusted by S so as to match the 
wingspan of the attacking planes. This varia- 
tion in diameter of the reticle was obtained by 
rotation of a vertical dise control held in S’s right 
hand and enabled him to track the target in the 
third dimension of range (R). The S operated 
the pedestal sight by kneeling in front of it and 
steadying the sight with his forehead while he 
viewed the target through an aperture in the 
sight. All Ss wore a pair of earphones during 
each session. ‘The same tone which signaled the 
Experimental Group after a 1-sec. hit was given 
to all Ss about 5 sec. before the start of each of 
the four trials given during a session. ‘This was 
a ready signal warning S to assume the proper 
operating position and to stand by for the first 
attacking plane. The Ss were instructed to 
stand up and relax during the 1-min. intertrial 
rest interval. 

The sequence of attacking planes was con- 
trolled by a programming unit in the flight gener- 
ator. There were four trials of eight attacks 
during each session which lasted about 15 min. 
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In all there were 16 different patterns of attacks 
at approximately the same speed. During a 
trial, attacks would start from alternate sides of 
the screen and move on a curving pursuit course 
to the opposite side in about 7 sec. There was a 
5-sec. delay between successive attacks. At the 
start of an attack the wingspan of the plane 
would be small and would appear to increase as 
the plane closed the range and pressed the attack. 
The S therefore always had to gradually increase 
the size of the ring of dots. At the end of the 
eighth attack in a series, a red signal lamp would 
light, indicating the start of the I-min. intertrial 
rest period. 

Following the session-over signal, S left the 
darkened room in which he operated the sight 
and entered the hallway which contained F's 
recording apparatus. At this time, irrespective 
of his status (Experimental or Control Group) S 
was informed of his performance in terms of all 
of the response measures which were recorded. 
Because it was feared that S might become bored 
with such a long-term study and lose interest in 
doing as well as possible every day, intersession 
knowledge of results was maximized. ‘To pro- 
vide social motivation to do well, a graphic rec- 
ord of each S’s day-to-day performance in per- 
centage of total time on target (AER), ice., 
simultaneous tracking in all three dimensions of 
azimuth, elevation, and range, was posted in the 
hallway next to /’s recording consoles. No in- 
dication was made on the graphic records which 
Ss were in the Control Group and which were in 
the Experimental Group. (The records were 
arranged alphabetically.) Because some of the 
Ss knew each other quite well (members of the 
same fraternity) additional motivation was pro- 
vided by a standing monetary bonus for the best 
performance for the Actually there 
were two such bonuses, of 85 cents each, one for 
the highest percentage of total time on target 
and the other for the best score for time continu- 
ously on target. Motivation high and 
competition was keen 

Recording apparatus.—The recording console 
provided with the Mast PSMT has Standard 
Electric Timer clocks which measured the total 
time S correctly tracked in each of the three 
component dimensions of azimuth (A), elevation 
(FE), and range (R). In addition, another clock 
provided a measure of the time S simultaneously 
tracked in both azimuth and elevation (AE). 
\ fifth clock indicated the total time S correctly 
tracked in all three dimensions simultaneously 
(AER). In order to score on any of these di- 
mensions, S had to have a displacement error 
of no more than 5 mils in visual angle (about 
}-in. tolerance on the screen). 

A relay was placed in parallel with the AER 
clock clutch to provide a signal to the Tracking- 


session. 


was 
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time Analyzer. This last-named device has a 
bank of 12 thyratron-condenser-resistor units 
which fire their associated counters sequentially 
depending upon the duration of the signal coming 
from the AER circuit. One counter recorded 
the number of times S got on target for a dura- 
tion of at least .OS sec. If S stayed on target for 
.10 sec., the second counter would record. The 
succeeding counters had minimum durations of 
.20, 30, 40, .6D, .80, 1.00, 1.20, 1.60 ,and 2.00 sec 
To illustrate, if an S stayed on target for as long 
as 1.30 sec., all counters from .05 to 1.20 sec 
would fire. Through appropriate computations 
a frequency distribution of hits of various dura 
tions was obtained, A record was kept of this 
distribution after each of the four trials given dur 
ing asession. A similar record was made of clock 
scores. In addition, another relay was placed in 
parallel with the 1.0-sec. counter to provide the 
special signal to the Experimental Group 


ResuLts 


Total Time on Target 


AER tracking performance. The 
total-time tracking performance of 
major interest is that shown by Ss jn 
all three of the dimensions simultane- 
ously, i.e., AER. Figure 1 shows the 
increase in this tracking performance 
for both groups for the entire experi- 
ment. The means for the curves are 
based on seven Ss for the Control 
Group and six Ss for the Experimental 
Group. On the first day both of the 
groups were treated alike—no tone 
was given for hits of l-sec. duration. 
For Sessions 2 through 40 the Experi- 
mental Groups received feedback and 
the Control Group did not. As can 
be seen, there is a sharp initial rise for 
the first three days for both groups 
and then tracking performance re- 


* Unknown to the Fs, until after the first few 
weeks, some of the Control Group Ss detected an 
indication of a long hit. Although the audio 
oscillator, which provided the on-target signal 
to the experimental Ss, was turned off when a 
Control S was being run, the |-sec. duration 
relay still closed and the “cross-talk” static in 
the headset was eliminated. Only a few of the 
Control Ss discovered this relationship and their 
performance was no better than the other Con 
trol Ss. This apparatus difficulty was corrected 
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mains relatively unchanged, though 
highly variable, for about the next 18 
sessions (approximately 18 days). 
Starting at about Session 20, perform- 
ance begins to increase, attaining a 
maximum at about Session 40. An 
analysis of variance was used to test 
for the differences between the two 
groups and for the over-all change in 
performance. The results of this 
analysis are shown in Table 1. The 
difference between the means for the 
Control and Experimental Groups was 


TABLE 1 


Anatysis or Variance or AER 
Scores ror Sessions 1-40 





Source of Variation 
Groupe 
Subjects /groups 
Sessions 
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* The Pooled Residual/Groups term was reduced 
by 7 d/ because it was necessary to make seven estima- 
tions of anaing data. A malfunction in an amplifier 
of the range circuit gave i verfect ranging scores and 
therefore inflated the AER scores —3y an unknown 
=TS < 9 scores were di 


Percentage time on target in AER as a function of stage of practice. 


not significant. These results indi- 
cate that the information feedback 
for the Experimental Group was in- 
effective in improving performance. 
In fact, the Control Group was num- 
erically superior to the Experimental 
Group. The appropriate error term 
for evaluating individual differences 
and the effect of practice is the Pooled 
Residual/Groups. Both individual 
differences and practice were highly 
significant. ‘To obtain a better evalu- 
ation of the practice effect, the sum of 
squares for Sessions was further anal- 
yzed with orthogonal polynomials (5). 
As may also be seen in Table 1 the 
linear, quadratic, and quartic com- 
ponents were highly _ significant. 
These results suggest that a fourth- 
order polynomial would provide a 
close approximation of the acquisition 
function. Apparently the initial rise, 
leveling until Session 20, the subse- 
quent rapid increase, and second level- 
ing at about Session 40 are all reliable 
phenomena. 

Starting with Session 41 and there- 
after, no special reinforcement was 
provided to the Experimental Group 
for hits in excess of l-sec. duration. 
For the first five days in this transfer 
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situation the Experimental Group 
performed at a level numerically in- 
ferior to the Control Group. The 
difference between the means for the 
two groups, however, was not sig- 
nificant, an F of 4.84, for 1 and 11 df 
would be needed at the .05 level—an 
F of 3.22 was obtained. In Fig. 1 
these sessions (41-45) are designated 
Immediate Transfer since they were 
given on the five days following the 
cessation of the tone signal. Since 
Session 37 all Ss had had one session 
per day. 

The five trials designated Delayed 
Transfer in Fig. 1 (46-50) are delayed 
in the sense that 14 days’ rest inter- 
vened between Sessions 45 and 46. 
These last five sessions also occurred 
one per day except for one S who had 
one day of rest between Sessions 49 
and 50. Again, although the perform- 
ance of the Experimental Group was 
numerically inferior to that of the 
Control Group, the difference between 
the means was not significant—an 
F of 4.34 was obtained when an F of 
4.84 was needed for significance at the 
.O5 level. For neither of the blocks of 
five transfer sessions was there a sig- 
nificant change as a function of prac- 
tice. 
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Component tracking performance.—Although 
the increase in performance of the component 
skills of tracking in each of the dimensions A, F, 
R, and AF is intrinsically interesting, no findings 
were obtained which warrant any extensive 
discussion in this paper. Since the Tracking- 
time Analyzer was used only in the analysis of 
AER performance, only a record of clock scores 
was obtained for each of the component skills 
For the first 40 sessions all components showed a 
significant increase. ‘The F ratios for the four 
components for Sessions were 45.88, 41.44, 4.98, 
and 76.54 for A, FE, R, and AF, respectively 
(For 39 and 427 df an F of 1.65 is needed for 
significance at the .O1 level.) In no case was the 
difference between the means for the Control 
and Experimental Groups found to be signifi- 
cant. 


Time Continuously on Target 


Frequency distribution of hits.—The 
change in the distribution of hits of 
various durations was not entirely as 
predicted. The number of short hits 
did decrease and the number of long 
hits did increase, but the total num- 
ber of hits first decreased and then 
increased. These changes for each of 
the recorded durations as a function of 
stage of practice are shown in Table 2. 
The data have been grouped into 
blocks of five sessions each to simplify 
presentation. The values which ap- 
pear in the table are means for all 13 
Ss and represent the average total 
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TABLE 3 


Extenveo ALexanver Trenp Anacysis or Variance or NumpBer 
or Hrirs or OS Sec. ro .09 Sec. Duration 








Line Source of Variation 


Group means 

Individual means 

Group slopes 

Individual slopes 

Group quadratics 

Individual quadratics 

Group cubics 

Individual cubics 

Over-all slope 

Over-all quadratic 

Over-all cubic 

Over-all deviations from estimation 

Group deviations from estimation 

Individual deviations from estima- 
tion 

Total 


“seme anee 


-——- 





*P < 0S. 
P< OO. 


number of hits made for a given dura- 
tion for five sessions, i.e., an average of 
295.2 hits equal to or longer than .05 
sec. but shorter than .10 sec. were 
made by each S during the first five 


sessions. 


There are several features of these data of par- 
ticular interest. ‘The shortest of the recorded 
durations, .05 sec., showed a very marked de- 
crease with practice, attaining a minimum after 
about 30 sessions. The number of such hits 
then increased slowly for the remainder of the 
experiment. The significance of these changes 
were tested with an extension of Alexander’s test 
for trend (1). A summary of this analysis is 
presented in Table 3, As may be seen from lines 
a, ¢, ¢, g, and m, the groups did not differ with 
respect to means, slopes, or other higher compon- 
ents. The individuals, however, differed in 
both means and slopes (as would be expected) 
and possibly the between-individual cubic com- 
ponent term was significant. Of major interest, 
however, is the over-all effect of practice on the 
number of hits of .05-sec. duration. In view of 
the significance of the over-all slope, quadratic, 
and cubic components, and the absence of sig- 
nificance of the over-all deviations from estima- 
tion, it seems probable that a third-order poly- 
nomial would give an adequate fit for the means 
appearing in the first row of Table 2. 

The number of hits of .10-sec. duration shows 
a similar change with practice except that a mini- 





Mean 
Square 


2,225.68 
19,721.40 
4,676.57 
4,846.68 
1,047.55 
2,091.25 
33.40 
2,279.22 
160,082.62 
130,874.24 
17,355.42 
1,566.01 
349.85 





18.002°** 


4.424°** 
1.909 


— = | 
ome ext bao Gun Ons Gas Ome ome Ome ome ome | 


2.081* 
146.128*** 
119.465*** 

15.842°** 

1.429 


a 


1,095.50 














mum value is attained after about 10 sessions. 
These data (the means appear in the second row 
of Table 2) were also tested as before. Again 
the groups did not differ in means, slopes, or 
higher-order components; individuals differed in 
means and slopes; and the over-all slope and 
quadratic terms were significant at between the 
.O5 and .O1 levels of confidence. Apparently 
the number of hits of .10-sec. duration also de- 
crease and then increase, but the change is not as 
marked as for hits of .05-sec. duration. 


o—o Control group 


F 


eo —@ Experimental group 


. 6 
c 


oF HITS 


\ 


i. 


sec AND LONGER 
i 


+o 


immedote wonster sf 


Oeleyee tronster 


WEAN NUMBER 





eee ee 
5 6 7 6 


BLOCKS OF FivEe SESSIONS 


on 
| 
| 

Be 


Fic. 2. Mean number of hits of 1.0 sec. and 
longer as a function of stage of practice. Ex- 
perimental Group Ss heard a continuous tone 
after they were on target for 1 sec. continuously. 
This tone was discontinued after Block 8. 


Fourteen days of rest was interpolated between 
Blocks 9 and 10. 
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For all the other durations the changes were 
less complex; the frequency of durations contin- 
uously on target longer than .10 sec. tended to 
increase with practice. If any differences be 
tween the Experimental and Control Groups were 
to be observed, it would be expected that the 
mean number of hits for durations in excess of | 
sec. should be greater for the Experimental 
Group since that group was specifically rein 
forced for such performance. ‘These data, shown 
in Fig. 2, were also analyzed, using an extension 
of the Alexander trend test. As in all previous 
analyses the differences between the means, 
slopes, and higher-order terms for the two groups 
were not significant. As before, the differences 
between individual means were significant (F = 
27.886, P < .OO1, for 11 and 45 df) as were the 
differences between individual slopes (F = 6.293, 
P < .0O1, for 11 and 45 df). Because of the 
addition of several learning functions (Rows 8 
through 11 of Table 2 combined) the over-all, 
best-fitting function for these data is complex 
and probably meaningless (a fifth-order poly- 
nomial is indicated). 

Although the two curves in Fig. 2 appear to 
diverge after the eighth block of five sessions, 
with the Experimental Group performing at a 
lower level, these differences were not significant 
An analysis of variance of hits for 1 sec. and 
longer for the ninth and tenth stages of practice 
yielded no significant sources of variation. 


Total time as a function of duration. 
Another way of considering the 
effect of practice upon time continu- 
ously on target is to examine the 
change in percentage of total time 
accumulated at each of the recorded 


durations. Figure 3 shows the per- 
centage of total time scored at each of 
the recorded durations for the first 40 
sessions. Although the elimination 
of the special signal did not reduce the 
performance of the Experimental 
Group below that of the Control 
Group during the two transfer tests, 
it was decided not to include the data 
for these last two stages of practice. 
As indicated in Fig. 2 and in the sub- 
sequent trend test, the knowledge of 
a special test situation apparently 
altered the performance of both 
groups. 

Although, as shown in Fig. 1, total 
time on target increased considerably 
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during the first 40 sessions, the areas 
under the eight curves in Fig. 3 have 
been equated. The abscissa values 
for the curves are mid-points between 
the recorded durations of the Track- 
ing-time Analyzer. The ordinates 
were determined by assuming a linear 
distribution of hits throughout the 
interval between two _ successive 
counters. The unequal interval sizes 
were equated by dividing the number 
of observed hits by a constant which 
was determined by dividing the inter- 
val size by .05. This corrected num- 
ber of hits was then multiplied by the 
mid-point of the interval, and the re- 
corded ordinate value is the ratio of 
this product to the total time on 
target. 


There are several interesting features to these 
curves. The most obvious is the great reduction 
in the amount of total time accumulated at the 
shortest durations of time continuously on target 
as Ss progress in practice from Block I to Block 
VIII. During the first five sessions of practice 
over 15% of the total time on target was scored 
by S hitting the scoring zone for durations less 
than .10 sec., whereas less than 3% of the total 
time scored during Sessions 36-40 was accumu 
lated by such short hits. Another gross change 
in the curves is the increase in the area under the 
right-hand tails. This change reflects the in 
crease in skill of staying on target for relatively 
longer durations. Because the curves have been 
plotted with equal areas, the differences have 
been minimized—if the ordinates indicated 
total time on target, the area under the uppermost 
curve (that for Block VIII of practice) would be 
about four times greater than shown. 

A final point to note is the relative stability 
of the percentage of total time accumulated at 
the .50-sec. duration. Throughout the entire 
set of eight curves this value remains at about 5% 
and as the amount accumulated at the shorter 
durations decreases, the .50-sec. duration emerges 
as a second modal value. 


Warm-up.—Several tests of warm- 
up decrement were made. The differ- 
ences between the first trial on a given 
day and the last trial for the previous 
day were determined for both total 
AER and the longest duration of a 
hit. In neither case was there any 
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evidence for a warm-up decrement. 
Since the training period extended over 
a relatively long time, it was hoped 
that some systematic change in 
warm-up would be observed. Ap- 
parently the present task was so com- 
plex and the subsequent performance 
so variable as to conceal a systematic 
variation in warm-up. In addition to 
the previous tests, a similar compari- 
son was made of the AE clock scores, 
since they did not include the great 
variability associated with range (R) 


tracking. As before there was no 
evidence for a warm-up effect. 


Discussion 


There is little question about the 
effect of the delayed-information feed- 
back on the performance of the Experi- 
mental Group. At least in this rather 
complex tracking task, delayed knowl- 
edge of results provided no facilitation . 
in performance. These results may ap- 
pear to be in disagreement with those of 
Reynolds and Adams (8) but it is be- 
lieved that the contradiction is explicable. 
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In a rotary pursuit task, such as that 
used by Reynolds and Adams, S can 
easily see if he is on or off the target. 
If he is off he can also see how much and 
in which direction he must correct his 
tracking. In the present study the same 
decisions could be made as easily 
about the relation between the center dot 
of the reticle and the nose of the plane. 
However, such decisions were much more 
dificult for evaluating the accuracy of 
ranging (matching the diameter of the 
ring of dots and the wingspan of the 
plane). Since the accuracy of azimuth 
and elevation tracking was obvious to S, 
the tone signal’s chief value was in test- 
ing the accuracy of ranging. However, 
since the results of this accuracy test 
were both delayed and dependent upon 
simultaneous correct tracking in the 
other two dimensions, and an attack only 
lasted for about 7 sec., the signal came 
too Jate to be of value to the Experimental 
Group. These conclusions are supported 
by the results of studies which introduced 
no delay between scoring in AER and the 
onset of a special signal (3,7). In those 
studies performance was significantly 
improved if S received immediate knowl- 
edge of results, but as would be expected, 
the superior performance did not remain 
in a nonreinforced transfer test. 
Although the drop in performance by 
the Experimental Group on both of the 
transfer tests was not significant statis- 
tically, the difference between the two 
groups is quite large—almost 8%. For 
the present, comment must be almost 
entirely conjecture, but starting with 
Session 37 the Experimental Group shows 
progressively poorer performance in per- 
centage AER. As was pointed out pre- 


viously, all Ss had one session per day 


from Sessions 37 through 45. Since the 
Experimental Group knew they had the 
advantage of information feedback (that 
is, they thought it was an advantage), 
they would naturally expect to lose this 
advantage when they were all instructed 
to “get in step” and serve one and only 
one session per day. Since the Ss were 
not naive to psychological experiments, 
their comments to the Es indicated that 
they suspected there would be a nonrein- 
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forced transfer situation. Many of the 
Experimental Group Ss commented dur- 
ing the transfer tests that they simply 
couldn’t score without being able to hear 
the tone. This conclusion was obviously 
erroneous since they did no better than 
the Control Group when they did have 
the tone. In short, the use of the tone 
not only did not improve performance 
during training but it became a psycho- 
logical “‘crutch”’ which when removed 
led to diminishing performance. 

The results of chief interest in this ex 
periment are the changes in frequency of 
hits, changes in frequency of certain 
durations of hits, and finally the percent 
age of total time as a function of duration 
continuously on target. Table 2 sug- 
gests that Ss smooth out their tracking 
performance, in terms of eliminating 
many of their almost saccadic sweeps of 
the target, faster than they develop the 
skill for staying on target for any long 
duration. The frequency of short-dura 
tion hits appears to decrease much more 
rapidly than the frequency of long-dura 
tion hits increases. The net effect is at 
first a decrease in total number of hits 
and then an increase. This relationship 
between changes in long and short hits is 
probably a function of task complexity. 
An easier task, like rotary pursuit, would 
just show an increase and then as S§ be 
comes very skilled, the number of hits 
would decrease to a minimum of one. 

There is no question but that as S§ 
becomes better practiced in a complex 
tracking task such as a PSMT, he does 
not improve his score in total clock time 
simply by getting more hits at all dura- 
tions of time continuously on target. 
Rather § improves his tracking per- 
formance by reducing the frequency of 
very short-duration hits and by markedly 
increasing the frequency of long-duration 
hits. In addition to this shift in the fre 
quency distribution of hits, the total 
number also increases. 


SUMMARY 


Thirteen paid, male students serves as Ss in a 
66-day experiment on the Mast Pedestal Sight 
Manipulation Test (PSMT). Seven Ss (Con- 
trol Group) received little or no intentional intra- 
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trial performance information feedback; the 
other six Ss (Experimental Group) heard a tone 
after they had been on target (scoring simultane- 
ously on AER) for 1 sec. continuously. After 
40 sessions of practice, the tone reinforcement 
was discontinued and al! Ss were given five more 
sessions (days) of practice. 

The Experimental Group showed a slight but 
statistically insignificant drop after the tone was 
eliminated. After two weeks’ rest both groups 
were again given five sessions, one session per 
day. The Experimental Group was still nu- 
merically but not statistically inferior to the 
Control Group. The Control and Experimental 
Groups did not differ at any time during the 
study. 

The major findings, with respect to time con- 
tinuously on target, showed that as S improves in 
total time on target, the improvement is not a 
simple increase in the number of hits but rather 
a shift in the frequency distribution of durations 
of hits. The very short hits decrease in fre- 
quency and eventually account for but a small 
proportion of the total time on target, whereas 
the frequency of long-duration hits increases and 
accounts for a much larger percentage of total 
time on target. 
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FACILITATING EFFECTS 


OF INDUCED TENSION 


UPON THE PERCEPTION SPAN FOR DIGITS! 


WILLIAM A. SHAW 


University of Pennsyloania 


Experiments dealing with the effects 
of induced muscular tension on mental 
tasks have differed methodologically 
and have yielded somewhat divergent 
results. In studies by Bills (1), 
Zartman and Cason (6), and Bills and 
Stauffacher (2) the weight pulled 
against to induce tension was more or 
less arbitrarily determined. Stauff- 
acher (5) and Courts (3) varied the 
amount of tension as a function of S’s 
maximum pull. Facilitation was 
more clearly demonstrated in the 
latter two studies. Stauffacher (5) 
reports maximum facilitation when Ss 
exerted one-half maximum pull; 
Courts (3) reports one-quarter maxi- 
mum pull to be optimal. Conflicting 
data on the differential effect of in- 
duced tension on good and poor per- 
formers has been presented by 
Stauffacher (5) and by Bills and 
Stauffacher (2). The tasks used in 
previous studies have included learn- 
ing nonsense-syllable lists (1, 3, 5), 
solving arithmetic problems (2, 6), 
and solving “detective story” prob- 
lems (2). With the latter task, in- 
duced tension facilitated the solution 
of easy problems, but increased the 
time of solution of difficult problems. 

The present experiment was de- 
signed to explore further the condi- 
tions for facilitation of performance 
by induced tension; specifically, to 
pursue further the matter of optimal 
tension as related to task difficulty 


1 The author wishes to express his apprecia- 
tion for a grant-in-aid from the Committee on 
the Advancement of Research, University of 
Pennsylvania; and to extend his thanks to Dr. 
Sherwin J. Klein and to Miss Annamarie Booz 
for their service in the conduct of the experiment. 


and ability of S. The task used was 
the perception span for digits, a 
simpler task than those used in the 
previous studies. 


Metuop 


Subjects.—Thirty Ss, 19 women and 11 men, 
took part in this study. All were undergradu 
ates at the University of Pennsylvania who had 
taken one or more courses in psychology. 

Design.—A factorial design was employed 
which permitted the evaluation of the variance 
attributable to tension, task difficulty, Ss, and 
replication. ‘Task difficulty was varied by vary 
ing the number of digits presented; 5, 6, 7, or & 
digits were presented in a given exposure. The 
induced tension used was zero and }, 4, and j of 
each S’s maximum pull. Each S was exposed to 
two series of digits of the same length under each 
tension condition during the course of the experi 
ment, That is, a total of 32 exposures of digits 
was viewed by each S during a single experimen 
tal session. The order of presentation of the 
series of digits and the weights (tension) was 
determined by a randomizing procedure prior 
to the running of Ss. 
was the same for all Ss. 


7 ‘he oreer of concaitions 
rh J f lit 


The experiment was rey licated two months 
later with the same Ss. Different digits wer 
used and a change was made in the procedure 

Apparatus.—The digits were exposed by 
means of a Dodge tachistoscope. The lights in 
the tachistoscope were switched on and off by a 
relay operated by a condenser timer. Com 
mercial 40-w. light bulbs were used. The time 
exposure was adjusted so that several Ss who 
were not in the experiment proper always per 
ceived five digits correctly but not six digits 

The stability of the timer was not determined 
in the present experiment; previous calibration 
showed it to be highly stable. The plan of the 
experiment was such that any variation in the 
timer would be as likely to occur under one con 
dition as under any other. 

Tension was induced by means of a specially 
constructed apparatus. A weight was sus 
pended from a lever in such a manner that it 
could be moved along a kilogram scale. A chain 
attached to the lever ran over a pulley and was 
attached to a handle on which S pulled. In 
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duced tension was varied by varying the weight 
suspended from the lever. When the weight was 
lifted about 2 in. off the platform on which it 
rested, it tripped a microswitch which activated 
the timer controlling the tachistoscope. In the 
replication the microswitch turned on a signal 
light which was visible to S. The S himself 
then tripped the switch activating the timer. 

Maximum tension was determined by attach- 
ing the handle on which S pulled to a spring 
scale and instructing S to “pull as hard as 
possible.” In this way two instantaneous max- 
ima were obtained; the average of these was 
used as the estimate of maximum pull. 

The series of digits were typed on plain white 
cards, Natural sequences and numbers suggest- 
ing familiar dates were not used, nor was zero. 

Procedure,—After S’s maximum pull had been 
determined, he was given the following instruc- 
tions: “Your task during this experiment will be 
to repeat out loud series of digits which will be 
exposed in this apparatus. Pull that chair up to 
the apparatus so that you can sit comfortably 
while you look into this box here. [EZ points 
out opening.] Look into it now and you will 
see a cross. Do you see it? Before each ex- 
posure you must be sure you are looking at that 
cross. The digits will appear at that same point, 
and since the exposures will be rapid, your eyes 
must be fixated on that point or you will not see 
the digits when they appear. Now do you see 
this handle? When you pull on this handle the 
digits will appear where you now see the cross. 
During the experiment it will be necessary for 
you to pull this handle in order to make the 
digits appear. You will not know whether a 
slight or a hard pull will be required in any one 
case, so you must always use a slow gradual pull 
rather than a quick jerk. In pulling on the 
handle always keep your hand and arm above 
the top of the table and parallel to the table. 
Pull with your right hand and keep your left 
hand in your lap. 

“T will always give you a ready signal before 
each series. Then when you are ready, pull 
slowly on the handle, keeping your eyes fixated 
on the cross. When the digits have appeared 
and quickly disappeared again, immediately 
repeat out loud the series you have just seen, 
and then relax until I give the ready signal 
again. 

“Always be sure to repeat the digits accu- 
rately and in exactly the same order in which 
they appeared. If you cannot recall a certain 
digit in the series, say ‘blank’ for that digit and 
complete the series, ¢.g., upon failing to see the 
middle digit of the five digit number 43927, you 
would say ‘43 blank 27.’ 

“Now we will go through three practice trials 
to be sure you understand the procedure. The 
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main things to keep in mind are: (1) In pulling 
on this handle with your right hand, use a slow 
gradual pull and keep your hand above the table 
and parallel to it. (2) Keep your left hand in 
your lap. (3) Before you pull on the handle be 
sure your eyes are fixated on the cross. (4) Be 
sure to repeat the series of numbers exactly as 
you see them. (5) Relax between each series 
of digits. Ready?” 

All Ss completed the task in one sitting. The 
experiment was repeated using the same Ss and 
essentially the same procedure two months later. 
Changes were introduced to give S greater con- 
trol over the apparatus. Instead of the lever 
tripping the switch controlling the tachistoscope, 
the lever tripped a switch which turned on a 
small signal lamp. When the lamp was lighted, 
S, at his own convenience, closed another switch 
with his unused hand to activate the tachisto- 
scope. ‘The tachistoscope could not be operated 
until the signal light was on. The series length 
and the order of presentation of series and 
weights remained the same. The actual digits 
in the various series were changed. The Ss 
expressed greater satisfaction with this arrange- 
ment since they felt that they were always ready 
to respond when the exposure of the materia] 
occurred, 


Resu.ts anv Discussion 


Of the numerous methods of scoring 
the digit span test—Guilford and 
Dallenbach (4) describe 27—the one 
of counting as correct only those 
digits correctly reproduced in the cor- 
rect position was used. A summary 
of the analysis of variance of the 
results is presented in Table 1. 

If presentations of 5, 6, 7, and 8 
digits are thought of as forming a scale 
of increasing difficulty, performance 
on the series of digits of different 
lengths might be expected to show 
an effect due to different amounts of 
induced tension. The significant in- 
teraction between Tension and Num- 
ber of Digits indicates that the various 
degrees of tension aroused by pulling 
on the weights affected performance 
on the series differently. Figure 1, 
a plot of this interaction, shows that 
the condition of one-fourth maximum 
pull facilitated the performance on all 
length series; the condition of one- 
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TABLE 1 


ANALYSIS OF VARIANCE OF 
Perception Span Scores 


Mean | F 


Se f i ~ 
yurce of Variation Square 


Tension 6.89°* 

Ss 

Sessions 

Tension X number of digits 

Tension X Ss 

Tension X sessions 

Number of digits K Ss 

Number of digits sessions 

Ss X sessions 

Number of digits * tension 
xS 


8 
oe 


x 


Number of digits 3) ’ | 102.34*°* 
| 
| 
| 


x 
enero 


ty 
a 


s 
Number of digits K tension 
sessions 
Tension X Ss X session 
Number of digits K Ss x 
sessions 
Quadruple interaction 
Errort 
Total 


* Significant between the .01 and .05 level 
** Significant at or beyend the .01 level 
+ The error term employed throughout is the 
within-S, within-cell variance; that is, it is the vari 
ability of S's performance under the same experimental 
conditions 


half maximum puvil facilitated series of 
6, 7, and 8 digits; and the condition 
of three-quarters maximum pull facili- 
tated only 7- and 8-digit series. 
From these data it appears that while 
optimal tension is set up by one- 
fourth to one-half maximum pull, 
greater tension than this inhibits per- 
formance on the easier tasks but still 
facilitates performance on the more 
difficult tasks. The tension set up in 
the individual has, in general, a 
facilitating effect on the perception 
span for digits. This is also shown in 
Fig. 1 and confirms the results of 
Stauffacher (5) and of Courts (3). 
The interaction between Subjects 
and Number of Digits is significant 
beyond the .O1 level, whereas the 
interaction of Subjects and Tension 
and the triple interaction of Subjects, 
Tension, and Number of Digits are 
not significant. This indicates that 
although different Ss respond differ- 
ently to the number of digits pre- 
sented, they do not respond differently 
to induced tension nor is there a sig- 
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nificant tendency for different Ss to be 
differently affected by certain weights 
during the presentation of certain 
numbers of digits. Inspection of the 
results for individual Ss indicates that 
for 14 of the 30 Ss, there was a mono- 
tonic relationship between perform- 
ance and number of digits exposed, 
i.e., the more digits exposed the fewer 
reported correctly. For the other 16 
Ss, one or two inversions in perform- 
ance are found when comparisons are 
made between 5 and 6, 6 and 7, and 
7 and 8 digits exposed. Presumably 
these inversions are the source of the 
significant interaction of Subjects and 
Number of Digits. On the basis of 
performance under the zero weight 
condition (no induced tension) the 
upper and lower 20% of the Ss were 
considered separately to see if good 
and poor performers responded differ- 
entially to induced tension. Fig. 2 
gives the distribution of scores for 
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CORRECTLY PER EXPOSURE 


~~—= § DIGITS 
6 DIGITS 
7 oGITs 

— 6 DIGITS 
——— ALi DIGITS 


MEAN NUMBER OF DIGITS REPRODUCED 


25 $0 
PER CENT OF MAXIMUM PULL 
Fic. 1. Performance under different condi 
tions of induced tension when different numbers 


of digits were exposed, and when all numbers of 
digits are considered together 
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UPPER 20% 


a ad. 


MIDOLE 60% 


Se 


CORRECTLY PER EXPOSURE 


MEAN NUMBER OF DIGITS REPRODUCED 








r 7 _- 
25 so 7 
PER CENT OF MAXIMUM PULL 


Fic. 2. Performance of Ss of three different 
levels of ability under different conditions of in- 
duced tension. 


these Ss. Both extreme groups show 
facilitative effects for the conditions 
of one-fourth and one-half maximum 
pull, although the better performers 
appear to be optimally facilitated by 
the lighter weight condition. 

The interaction of Sessions and 
Number of Digits, significant between 
the .05 and .O1 level, is attributable to 
the lower performance of Ss in the 
second session when six digits are pre- 
sented, As can be seen from Table 2, 


TABLE 2 


Mean Numper or Dicirs Rerropucep 
Correctiy in Sessions | anp 2 


Number of Digits Reproduced 
“orrectly 


Number of 
Digits Exposed 











performance improved in the second 
session with respect to exposures of 5, 
7,and8 digits. The six-digit numbers 
used in the second session may have 
been more difficult than those used 
in the first session; no other interpre- 
tation was suggested by the data. 


The variable Number of Digits is 
found to be significant at the .01 level. 
Is this merely due to one or more of the 
significant interactions in which Num- 
ber of Digits is involved or can anything 
be said about the effect of Number of Dig- 
itsperse? In Fig. 1 andin Table 2 it can 
be seen that for the different tension 
conditions and for Session I and Session 
II considered separately: Performance 
when five digits are exposed is superior to 
performance when six digits are exposed; 
performance on six digits is superior to 
performance for seven or eight digits; 
however, differences between exposures 
of seven and of eight digits are not con- 
sistent. The data for the interaction of 
Number of Digits and Subjects are also 
consistent with this finding. Therefore, 
the results for the single variable, num- 
ber of digits exposed, show that perform- 
ance declines as more digits are exposed; 
the smallest difference in performance as 
a function of number of digits exposed is 
that between seven and eight. This 
indicates that the assumption that num- 
ber of digits exposed is a determiner of 
task difficulty is valid in this experiment. 

The procedure in the second session 
differed from that of the first session only 
with respect to the means of activating 
the tachistoscope and the actual digits 
exposed. The difference between per- 
formance in Session I and Session II is 
highly significant. The Ss’ perform- 
ance was higher in the second session. 
The only interaction involving the 
Sessions variable, that of Number of 
Digits by Sessions, is attributable to 
lower performance in Session II with 
respect to exposures of six digits. Pre- 
sumably, the superior performance in 
Session IT was due to the change in pro- 
cedure which permitted Ss to present 
the material to themselves when they 
were ready. 
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The type of task selected for the pres- 
ent study brings into focus more clearly 
than some of the tasks previously used, 
the fact that the facilitative effect of 
tension may occur very quickly, last 
only a relatively short time, and be 
fairly specific. For example, it cannot 
be argued that in the present experiment 
a general or diffuse tension due to atti 
tude, to set, or to accumulative residual 
effects arising from pulling on the weights 
can be used to explain the results. Some 
generalized tension might have been pres- 
ent but its effects could only have re- 
duced the difference between the effects 
of the different weight conditions which 
have the same effect in both sessions and 
on all Ss. Nor does it seem likely that 
the facilitation shown can be explained 
as a result of increased attention since 
in the second session S§ controlled the 
exposure of the material and presumably 
attention was comparable under all 
tension conditions. 


SUMMARY 


The effects of different amounts of induced 
muscle tension on task difficulty was investigated 
using the perception span for digits presented 
tachistoscopically. Optimal tension was found 
to vary as a function of task difficulty. One- 
fourth maximum pull facilitated performance on 
all length series of digits. Greater than one 
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fourth maximum pull facilitated the reproduc 
tion of the longer, more difficult, series more than 
the reproduction of the shorter, easier series 
Induced tension facilitated the performance of 
both the good and the poor performers. The 
experiment was replicated two months later with 
the same Ss. The effects of induced tension on 
performance did not differ significantly from the 
first experiment. 
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ACQUISITION OF MOTOR SKILL: IV. EFFECTS OF 
REPEATED PERIODS OF MASSED PRACTICE! 


R. B. AMMONS AND LESLIE WILLIG? 
University of Louisville 


In the first article of this series (3), 
the senior author proposed a system 
for identifying and measuring certain 
characteristics of motor-skills per- 
formance. When, after continuous 
or nearly continuous practice, a rest 
period of more than a few minutes is 
introduced and then practice is re- 
sumed, the resulting performance 
curve often shows a sharp rise, fol- 
lowed by a relative decline, then a 
resumption of improvement. ‘The 
first sharp rise is attributed to warm- 
ing up after rest, and is measured by 
extrapclating backward the next sec- 
tion of the curve to the starting point 
of the period. The difference be- 
tween this “corrected” initial level 
and the actual level of performance is 
the warm-up decrement (Dwy). The 
difference between the corrected ini- 
tial level and the level that would 
have been reached had no rest period 
been introduced is used as an estimate 
of the amount of temporary work dec- 
rement (Dw, similar to Hull’s /z or 
reactive inhibition) present at the 
time of the last pre-rest trial. Fin- 
ally, the amount by which this cor- 
rected initial level is less than the per- 
formance level of a group practicing 
under optimum conditions of dis- 
tribution of practice is used as a 


' The authors gratefully acknowledge a grant 
for 1951-52 from the Research Committee of the 
University of Louisville which made possible the 
completion of this work, and the able assistance 
of A. J. Eckles and R. G. Farr in collecting and 
analyzing a part of the data. Drs. C. H. 
Ammons and John Fink made many helpful 
suggestions during the preparation of the manu- 
script. 

* Now at the State University of lowa. 


measure of permanent work decrement 
(Dw,, similar to Hull’s s/” or condi- 
tioned inhibition). 

The same article (3) contained a 
review of the pertinent literature and 
a “miniature” theory consisting of 
assumptions and predictions. Cer- 
tain of these assumptions and predic- 
tions have a direct reference to per- 
formance in the situation where num- 
erous periods of continuous practice 
are given, and each period is followed 
by a rest of 5 min. or more: (a) It is 
assumed that amount of warm-up 
decrement (D,,,) will decrease as some 
function of the number of times prac- 
tice is started. (b) It is predicted 
that amount of temporary work dec- 
rement (Dw.) present at the end of 
the practice period will decrease as 
some function of the number of pre- 
vious practice periods, at least after 
the first 8 min. of practice (4). This 
follows directly from the assumption 
that the decrease is a function of dura- 
tion of prior practice. With a con- 
stant duration of practice period, the 
more periods there have been, the 
greater will be the total duration of 
prior practice. (c) It is assumed 
that amount of permanent work dec- 
rement (Dw,) will increase as a joint 
function of the amount of temporary 
work decrement which has been pres- 
ent and the length of time during 
which it has been present [Dw, = 
f(Dwi X time) }. 

Numerous studies bearing on one or 
another of these statements have ap- 
peared since the publication of the 
original formulation and will be intro- 
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duced, as required, in the discussion 
of the present results. 

The purpose of the present study 
was to determine the effects of re- 
peated blocks of highly massed prac- 
tice of rotary pursuit on amounts of 
warm-up decrement, temporary work 
decrement, and permanent work de- 
crement developed. 


Metuop 


Subjects.—A total of 128 girls from Grades 11 
and 12 served as Ss. The experiment was per- 
formed twice, each time with 16 Ss in each of 
four groups. As there was no appreciable differ- 
ence between the two sets of results with respect 
either to statistical outcome or to appearance of 
curves, the data were combined, this giving four 
groups of 32. These four groups were matched 
as closely as possible for means and SD’s of 
scores during the first minute of practice, by 
dropping out six Ss in each group (see Table 1). 
This number had been arbitrarily set before the 
start of experimentation. ‘Thus the final analy 
sis was based on the scores of 104 Ss. 

A pparatus.—The four-unit pursuit 
rotor was used as in two previous studies (5S, 6). 
Turntable surfaces were of black Vinylite, 10} 
in.indiameter. Brass targets were j in. in diam- 
eter, set flush with the turntable surfaces, with 
their centers 3} in. from the centers of the turn- 
tables. Each stylus was a wooden handle from 
which extended a hinged }-in. brass rod. This 
rod was 7} in. in length, with an 80° bend 1} in. 
from the end. The hinged section rested on a 
silver tip with a weight of about .6 0z. During 
operation, the turntables turned at 0 rpm in a 
clockwise direction. When a steady contact 
between stylus tip and target was made, a 6-v. 
DC circuit was completed through relays and 
timers. The Standard Electric Timers recorded 
the duration of contact in .0Ol-min. units. 
During operation, the turntables, targets, and 


same 


TABLE 1 


Means anv SD’s or Percentace Time on 
TaRGceT puRING tHe First Minute 
or Practice 





Continuous-continuous 
Continuous-distributed 
Distributed-distributed 
Distributed-continuous 
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stylus tips were cleaned every 10 min. with 
solvent. 

Design—-A\l Ss practiced for 90 min. in a 
training period, then practiced for 20 min. in a 
test period. There were two basic conditions 
(a) continuous practice, during which Ss prac 
ticed continuously for 10-min. periods, with 
20-min. rest periods between them; (6) distrib 
uted practice, during which Ss practiced for 1 
min. periods, separated by 2-min. rest periods. 
These two conditions are referred to as 10-20, 
and 1-2, respectively. During the first 90 min., 
half of the Ss practiced in Cond. 10-20, half in 
Cond. 1-2. During the 20-min. test period, 
half of the Ss in each of these conditions were 
switched to the other condition. Thus there 
were four conditions, coded as indicated: (a) 
continuous-continuous (10-20, 10-20); (b) con 
tinuous-distributed (10-20, 1-2); (c) distrib 
uted-distributed (1-2, 1-2); and (d) distributed 
continuous (1-2, 10-20). 

This design was adopted for several reasons 
It allowed for a direct comparison during the 
first 90 min. of the effects of high degrees of 
massing and distribution on temporary work 
decrement and permanent work 
while warm-up decrement could be calculated 
for the 10-20 groups. The switching of half the 
Ss in each group after 90 min. provided a nec 
essary control, in that in a previous study (6) 
Ammons found that there was an interaction 
between decremental effects and distribution 
conditions. Reynolds (19) used a design similar 
to this in studying distribution-of-practice phe 
nomena in eyelid conditioning, and Denny, 
Frisbey, and Weaver (12) as well as Ammons 
(6) in the case of rotary pursuit. 

By keeping the work-rest ratio constant, the 
total time during which practice periods were 
given was very nearly the same for all groups. 
The 10-min. practice period provided for ac 
cumulation of a maximum of temporary work 
decrement (4), while the 2-min. and 20-min. rest 
periods gave time for recovery from this temp- 
orary work decrement (4,5). Thus there were 
groups with highly massed and highly distrib- 
uted practice. The highly distributed practice 
provided a control level with little or no Dwy, 
Dwi, and Dey, while the highly massed practice 
produced a maximum of each of these. 

Procedure.—The Ss were assigned randomly 
eight at a time, as available, to the four condi 
tions. On entering the testing room, they were 
divided into two groups of four, and given chairs 
facing away from the apparatus, for use during 
rest periods. Each group of four was told how 
to hold the stylus and perform the task, and 
each S was assigned to a rotor. The general 
arrangements for the day were also explained: 
the groups were to practice and rest alternately 


decrement, 
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Loy 
minutes 


Fic. 1. 


as E indicated; during rest periods Ss could read 
magazines, but were not to watch the practice 
of members of the other group. After 50 min. 
of practice, lunch was provided, to be eaten 
during the next 20 min. of rest. Ss in Cond. 1-2 
ate between 1I-min. trials. A 5-min. recess was 
given after 60 min. of practice. Encouraging 
remarks were made after each 30 min. of prac- 
tice, 

When the 10-20, 1-2 and the 1-?, 10-20 
groups were switched after the 90-min. training 
period, the rest periods between the training 
period and the test period were kept as nearly 
similar as possible to those in the training pe-iod, 
to avoid disturbance of quantity set. This 
meant that the 10-20, 1-2 Ss were given a rest 
of approximately 20 min., while half of the 1-2, 
10-20 Ss rested 2 min. and half approximately 
12min, The 12-min, rest was necessary because 
two groups were run at the same time. Since 
one group started 10 min. of continuous practice 
after a 2-min. rest, the other group could not 
start until after approximately 12 min. of rest. 
Inspection revealed no appreciable difference 
between the scores of Ss receiving the 2-min. 
rest and those receiving the 12-min. rest. 


ReEsuLts 


Fig. 1 presents the mean perform- 
ance by l-min. periods for each of the 


a OO 
TF 
Practice oy rane 


Mean performance of the four practice groups. 


four initially matched groups.’ Pro- 
ficiency increased greatly during the 
first 20 min. of practice, then much 
more gradually during the remainder 
of practice. Throughout, the massed 
practice groups made markedly lower 
scores, on the average, than the dis- 
tributed groups, and in most cases 
showed a typical rapid rise at the 
start of sessions, followed by an 
equally rapid decline. 

In order to make various calcula- 
tions, it was necessary to obtain stable 
estimates of the performance level of 
the distributed groups at the start of 
each 10-min. period, the performance 
level of the massed groups at this 
point if no rest had been introduced, 
and the performance level of the 
massed groups corrected for Duy. A 
straight line was fitted by the method 


* Tables giving mean performance by trials 
and other data (see Footnotes 4, 5) have been 
deposited -with the American Documentation 
Institute. Order Document No. 4739, remit- 
ting $1.25 for microfilm or $1.25 for photocopies. 
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Fic. 2. Some derived measures of perform- 
ance variables as affected by duration of prior 
practice. 


of least squares‘ to the relatively de- 
cremental part of the curve for each 


10-min. session of massed practice 


(N = 52), and then extrapolated 
backward to give the estimate of per- 
formance level on the first trial of the 
session, corrected for D,,. Perform- 
ance at Minutes 11, 21, etc. of dis- 
tributed practice (N = 52) was esti- 
mated by least-squares‘ fitting of a 
straight line to the group mean scores 
for 10 trials at a time: the preceding 
five trials, Trial 11 (21, etc.), and the 
succeeding four trials. A line of the 
same slope was passed through the 
mean for the last trial in each 10-min. 
massed-practice session and extra- 
polated to give the estimated per- 
formance on Trials 11, 21, etc., had 
no rest been introduced. The meas- 
ures of variables calculated in this 
way are presented in Fig. 2.5 Meth- 


4 Equations are given in the document men- 
tioned in footnote 3. 

§ Values are given in the document mentioned 
in footnote 3. 
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ods and rationale of calculation are 
described in greater detail in an earlier 
article in this series (3). 

Warm-up decrement (Dou). —Do 
is the amount that performance is 
depressed below the level estimated 
by backward extrapolation for the 
first trial of each 10-min. session of 
massed practice. The mean D,, for 
the two 10-20 groups combined, for 
Sessions 2 through 9, is given in Fig. 
2. There is no indication of a syste- 
matic change in amount of D,, as- 
sociated with increasing proficiency 
or duration of practice, although there 
is considerable variability in amount 
from session to session. 

A rough statistical evaluation of 
the over-all significance of changes in 
D,.,. was made as follows. For each 
first trial (Sessions 2-9), the difference 
between the mean performance level 
corrected for D,,, end each S’s score 
on that ‘trial was obtained. These 
numbers were arrayed in an 8-by-52 
table, the 8 columns representing the 
8 sessions (2-9) and the 52 rows rep- 
resenting Ss. Variance was then 
analyzed into that associated with 
Sessions, Ss, and residual, with 7, 
51, and 357 df, respectively. Using 
the residual variance estimate as 
error term, the sessions and individ- 
uals variances were significant at 
beyond the 1% level (F's of 4.17 and 
23.19). 

A further statistical test was made. 
The array of numbers in each of the 
columns (Trials 11, 21, etc.) was 
treated separately. Attest was made 
of the hypothesis that the true mean 
of the individual differences from the 
group mean score corrected for Duy 
(i.e., the individual estimates of D,.,) 
was zero. The t's so obtained are 
shown in Table 2. It can be seen 
that although there is a statistically 
significant variability (as evaluated 
by F test) in amount of D,, from 
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TABLE 2 


Sicnuricance or Dirrerences From Zero oF Invices in Fic 





Index 


F Ratio 


t Ratio 


10-Min. Periods 








- — SS 


4.19*| 2.74! 2.17 
13.10 | 13.86} 12.03 
4.20 


Dw, at end of period 
Dw, at end of period 
Doy at start of period 


* 1 must reach 2.75, 2.04, and 1.70 for significance at 
and 51 df in this series of tests. 
** F must reach 2.96 for significance at the 1 % level, 


session to session, and although five 
of the eight estimates of D,, are 
significantly greater than zero (5% 
to 1% level), there is no apparent 
systematic change in D,, with amount 
of practice. 

Temporary work decrement (Dwi, 
[n).— Dw: develops during continuous 
practice and dissipates during rests. 
This dissipation has been found to be 
complete or nearly so after 5 min. of 
rest (4). When rests of more than 
5-min. duration are introduced, Dy, 
on the last prerest trial can be meas- 
ured as the difference on the first post- 
rest trial between estimated level of 
performance if there had been no 
rest, and actual level corrected for 
Dw. by backward extrapolation of the 
subsequent curve. Most, if not all, 
of the observed sharp drop in per- 
formance during continuous practice 
periods in this study is due to cumula- 
tion of Dw,, since the gains over rest 
bring performance nearly back to the 
level of the distributed practice 
groups. Average amounts of Dy; on 
Trials 10, 20, etc., are shown for the 
massed practice groups in Fig. 2. 
Dw; is large and may decrease slightly 
in amount as practice continues and 
proficiency increases. 

An 8-by-52 table was made up, as 
in the case of Duy, with individual 
values calculated by subtracting from 


2.9 





2.34) 0.32! 1.53| 0.83] 0.18| | 7.88%° 
11.11 | 11.46 | 12.29 | 12.07 | 12.24 315 
1.22] 146] 2.25| 3.56] 1:57|3.03) 4.17 


1%, 5%, and 10% levels, with 1 and 30 d/. There were 1 
with 6 and 120d/. There were 7 and 357 df in each case. 


S’s score, corrected for Dy, by adding 
the group mean D,,, the estimated 
group mean score had no rest been 
introduced. Variance was analyzed 
as in the case of Dy. Mean amounts 
of Dy; at the end of various sessions 
vary significantly (F = 3.15, with 7 
and 357 df, with residual as error 
term). T tests of the null hypothesis 
at each point (values given in Table 
2) indicate that significant amounts 
of Dw; are present at the ends of all 
training-period sessions. 

An interesting Dw, phenomenon 
was noted. When Ss switched from 
distributed practice during the first 
90 min. to massed practice in the test 
periods (Group 1-2, 10-20), they 
showed a marked “sensitivity,” de- 
veloping much greater Dy, than did 
either of the massed practice groups 
during the first 90 min. A test of the 
difference in trends (18) of the mean 
performance by the 1-2, 10-20 and 
the 10-20, 10-20 groups for Minutes 
91-100 (first test period), showed 
them to be significantly different at 
beyond the 1% level of confidence 
(F = 8.09 with 9 and 450 df). The 
sensitivity seemed to be disappearing 
by the second test period (Minutes 
101-110). 

“Classical” reminiscence.—This is 
the difference between actual per- 
formance level on the first trial after 





ACQUISITION OF MOTOR SKILL 


rest and estimated level of perform- 
ance on this trial if no rest had been 
introduced. It is our Dy; less Duy. 
It can be seen in Fig. 2 that amount of 
“classical” reminiscence is quite vari- 
able, but that there is no consistent 
change as practice continues. The 
low point at 61 min. (start of seventh 
10-min. period) is followed by a high 
point at Minute 71. 

' Permanent work decrement (Dw, or 
sIx).—Tests for presence and amount 
of Dw, have been made in two ways 
in the present study: (a) at the end of 
each practice period, and (6) during 
subsequent test periods (Minutes 91- 
110). At the start of each 10-min. 
practice period for the massed practice 
groups, it is possible to compare their 
performance, corrected for Dy, with 
that of the distributed practice groups. 
Assuming on the basis of previous 
work (4,5) that very little or no 
Dw. is present for either the 1-2 or 
the 10-20 groups, any relative de- 
pression of the performance of the 
massed group is defined (3) as due to 
Dwy, as developed by the end of the 
previous session. In Fig. 2, it can 
be seen that there is little Dw, at the 
end of Period 1 (calculated at Minute 
11) and the amount declines to noth- 
ing as practice continues. 

Another 8 by 52 table was con- 
structed, as for D,, and Dy. Indi- 
vidual values were obtained by cor- 
recting each S’s score for Dy, by 
adding on the group mean D,, for that 
trial and then subtracting the resulting 
score from the estimated optimum per- 
formance level on that trial (estimated 
level of 1-2 group, taken from least- 
squares line). Variance was ana- 
lyzed into the same components as in 
the case of Dy, and Dy. Differences 
from session to session in Dw, were 
highly significant (F = 7.88, with 
residual as error term, 7 and 357 df). 
t tests of the null hypothesis at each of 
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the eight points (values given in 
Table 2) indicate that there is sig- 
nificant Dw, at the start of practice, 
but not during the later stages. 

The second method for testing for 
Dw, involves switching half of the 
distributed-practice Ss tq massed 
practice and half of the massed to dis- 
tributed practice. If we assume ap- 
proximately equal generalization of 
proficiency from each condition to the 
other, any Dw, developed during the 
90 min. of massed practice will per- 
sist, and result in lowered perform- 
ance by the former massed-practice 
groups no matter what their current 
condition of practice. 

Table 3 presents the results of the 
analysis of variance during the “‘test”’ 
period (Minutes 91-110). It should 
be noted that this analysis allows only 
a rough evaluation of the effects of 
the variables, since initially the groups 
were matched. Whereas the type of 
distribution currently employes has a 
relatively large and highly (statistic- 
ally) significant effect, there is almost 
no detectable carry-over effect from 
the earlier conditions of distribution. 
Thus the two methods agree in show- 


TABLE 3 


Anatysis or Variance or Copep Scores ror 
tue Two Test Perions 


(Minutes 91-100, ann 101-110)* 


Mean 


Source of variance df Square 


Distribution during first 
90 min. (A) 

Distribution during two test 
periods of last 20 min. (B) 

Test periods (C) 

AX 

AxXC 

BxXC 

\KBxKC 

Within groups 


4.32 


3§72.32°° 
(AOD 
200.07 
46.17 
62.47 
4431 
116.98 
* A single score was obtained by adding S's scores for 
one test period (30 20-sec. scores), then dividing this 
number by 100. 


** Significant at 1% level with within-groups vari 
ance estimate as error term 
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ing little or no permanent work dec- 
rement. 


Discussion 


As the present findings with respect to 
Deu, Dwi, and Dw, bear out earlier pre- 
dictions (3, 15, 16) only in part, it seems 
desirable to discuss available information 
pertinent to the disagreements. Some 
possible explanations will be suggested 
and briefly discussed. 

Warm-up decrement (Dyy).—It was 
predicted earlier in this paper, on the 
basis of a prior review of the literature 
and attempted. theoretical formulation 
(3), that after reaching an early maxi- 
mum, amount of Dy, would decline in 
the case of the 10-20 groups in proportion 
to the number of rests and consequent 
re-startings of practice. This prediction 
was not borne out, since the amount of 
Dw remained about the same. It may 
be that there were not enough startings 
of new sessions for Ss to learn to over- 
come Dwu. More sessions could be 


introduced by having short rest periods 
(e.g., 30 sec.) between short trials (e.g., 
15 sec.), with a single longer rest (e.g., 


20 min.) after every 10-min. block of 
practice. It is exactly in this kind of 
situation where an increase in Dy, early 
in practice (9) and a decrease late in prac- 
tice have been noted (1, 5). 

Temporary work decrement (Dw).— 
Contrary to prediction, there is in the 
present study no appreciable decrease 
with increasing proficiency in the amount 
of Dw: developed during a 10-min. pe- 
riod of continuous practice. Such de- 
creases, where found, may be due to de- 
creasing motivation (hence less tolerance 
of Dw,) or to the distortion of units (and 
therefore of variability and of mean 
differences) as ceiling scores are ap- 
proached. Kimble and Shatel (17) 
found a decrease of Dw, to zero late in 
practice. We interpret this as an arti- 
fact of their method of measurement 
which did not correct for “forgetting” 
over the rests between blocks of trials 
or for more than a small amount of the 
Du present. 

Several possible ways of accounting for 
the sensitivity to Dw, shown during the 
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test periods by the 1-2, 10-20 group 
seem plausible: (a) Ss with relatively dis- 
tributed practice (1-2) have had less 
opportunity to develop habits for re- 
sponding efficiently when large amounts 
of reactive inhibition are generated; (4) 
Ss with distributed practice rapidly lose 
motivation when they are given a long 
period of continuous practice; (c) the 
stimulus becomes increasingly different 
from that present during acquisition of 
the most adequate responses, and con- 
sequently fewer and fewer of these are 
elicited. This stimulus-change theory 
has been developed in some detail by 
Reynolds (19) to account for certain 
effects of massing and distribution in 
conditioning of eyelid closure. Inter- 
action between acquisition and test con- 
dition, such as his theory would predict, 
was actually found for the rotary pursuit 
task by the senior author in earlier 
studies (5,6), and has been noted by 
others (2, 13, 21, 23). 

Permanent work decrement (Dw,).— 
Contrary to prediction, little or no 
Dwp (slr, conditioned inhibition) was 
found in the present study by either the 
“backward extrapolation” or the “final 
test” method. Although the amount of 
Dw,» present at the end of each of the 
first four sessions is statistically signifi- 
cant, it is much smaller in amount than 
the 50% one would predict from Barch’s 
survey (8), since it ranged from 18% to 
33%. The decrease of Dw, in the last 
four sessions to an average magnitude of 
only 6% is hardly what would be pre- 
dicted of a habit (7) being learned. 

Denny, Frisbey, and Weaver (12) sug- 
gest that when Ss are changed from rela- 
tively massed to relatively distributed 
practice, conditioned inhibition (Dw,, 
sIp) will be extinguished. Although this 
could help account for our negative re- 
sults during the test period, it is not rele- 
vant to the decrease in Dw, during the 
practice sessions, since there was no 
switching of distribution conditions. 
Kimble and Shatel’s finding (17) of in- 
creasing amounts of Dw, may well be due 
to their failure to correct for the Dy, 
and the “forgetting” which is clearly 
shown by the distributed-practice group. 
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It should further be noted that during 
the test period, the performance level of 
the 1-2, 10-20 group at the start of each 
10-min. period is considerably higher 
than that of the 10-20, 10-20 group; and 
that the 1-2, 1-2 group shows higher 
performance than the 10-20, 1-2 group 
at 18 of the 20 points. These results 
may well be due to differential Dwu, 
with D,, interacting with practice- and 
test-period distribution variables. Since 
no method has been developed for cor- 
recting for D,,, under such circumstances, 
these observations can only serve as a 
caution, 

We should also be cautious about our 
estimate of optimum performance, based 
on the performance of the 1-2 groups. 
The actual performance of these groups is 
most certainly slightly depressed by 
Dw: built up during each trial, even 
though this Dy; dissipates completely 
over intertrial rests. There is also a 
possibility that the 1-2 groups develop 
some Dw,. Both factors would some- 


what depress our estimate of amount of 
Dw, developed under 10-20 conditions, 
but not enough to account for smallness 


of the amounts or their decrease in later 
practice sessions. 

Whatever the reason or reasons for it, 
the fact remains that apparently little 
or no Dw, was developed by the massed- 
practice groups in the present study. 
Similar findings have been reported by 
Reynolds and Adams (20), Duncan (13), 
Adams and Reynolds (2), Starkweather 
and Duncan (23), Schucker, Stevens, 
and Ellis (22), Archer (7), and Reynolds 
and Bilodeau (21). This failure of 
Dw, to develop is of considerable theo- 
retical significance. Since massed and 
distributed practice took place over 
about the same total duration of time, 
the finding of approximately equal 
terminal proficiency lends additional 
support to a stimulus maturation theory 
of rotary pursuit learning (10,14). It 
would seem that a contiguity theory 
would predict that Dw, would develop 
(erroneous responses be fixated) during 
massed practice. Hence, the present 
findings are inconsistent with prediction 
from such a theory. 
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Since the systems of Hull (15), 
Kimble (16), and Ammons (3) all pre- 
dict that Dw, will develop during highly 
massed practice, we conclude with others 
(2,11, 21,22, 23) that theoretical form- 
ulations dealing with inhibition phenom- 
ena quite possibly stand in need of ex- 
tension or revision. It may be that 
conditioned inhibition (s7e, Dw,) is an 
unnecessary construct and that the phe- 
nomena referred to can be accounted for 
in other ways. A _ reconsideration of 
evidence for g/g in conditioning might 
even be profitable in view of the present 
findings. 

SUMMARY 


Four groups of Ss (N = 26 in each) practiced 
rotary pursuit for 110 min., 90 min. in training 
conditions and 20 min. in test conditions. The 
two basic conditions called for continuous prac 
tice (cycles of 10 min. work, 20 min. rest) and 
distributed practice (cycles of 1 min. work, 2 
min. rest). The following four combinations of 
training and test conditions were used to make 
possible the measurement of warm-up decrement 
(Deu), temporary work decrement (Jp), and 
permanent work decrement (g/g): continuous 
continuous, continuous-distributed, distributed- 
continuous, and distributed-distributed. It was 
found that: (4) continuous practice led to poorer 
performance at all stages of practice; (b) profici 
ency increased rapidly for the first 20 min. of 
practice and more slowly thereafter; (c) warm-up 
decrement and classical reminiscence remained 
at about the same level throughout practice 
(d) temporary work decrement did not decrease 
significantly as practice continued; and (¢) there 
was little or no evidence of permanent work dec 
rement. It was concluded that 
predicting the development of appreciable 
amounts of permanent work decrement paralle! 
ing temporary work decrement may need exten 
sion or revision, and that perhaps permanent 
work decrement (g/g) is an unnecessary con 
struct. 


theories 
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In classical defense conditioning, 
the noxious UCS has typically been 
described not only as determining the 
characteristics of the response to be 
conditioned but also as being the 
(primary) source of motivation. In 
this latter role, the UCS might be 
considered to evoke an internal emo- 
tional response, as well as the overt 
UCR, the persistent effects of which, 
in turn, determine drive level. 

The notion that the UCS has a 
motivational function has received 
experimental support in several studies 
(5, 7, 8) in which level of conditioning 
was shown to be positively related to 
intensity of the UCS. Of particular 
importance in this connection is a 
study by Spence (7). By employing 
a factorial design in which intensity of 
the UCS was shifted midway through 
the conditioning trials, Spence at- 
tempted to determine whether the 
differences.in performance found with 
varying intensities of the UCS could 
be attributed to differences in learning 
or habit strength, in drive level, or in 
both of these. His results suggested 
that performance differences could be 
due, at least in part, to motivational 
properties of the UCS. 

A second source of evidence that 
suggests that the UCS possesses emo- 
tional and motivational properties is 
found in an investigation by Mac- 
Donald (4). In the first part of her 
study, MacDonald found that the 
amplitude of the PGR in response to 
threat of shock decreased significantly 
after a series of 50 shocks to the finger 
had been experienced. Similarly, 
spontaneous blinking rate, taken as an 


index of emotional tension, was less 
after 50 puffs of air to the eye than 
after 5 puffs. Such a decrease in the 
response to noxious stimuli with re- 
peated trials has also been shown in a 
number of other studies (3, 6). In 
the second part of her investigation, 
MacDonald attempted to determine 
whether the lowered amplitude of 
response to the noxious stimulation 
reflected a decrease in motivational 
level. The groups given the shock 
and the puff stimulations underwent 
a conditioning procedure, the UCS 
previously presented singly being 
paired with a neutral CS. The condi- 
tioning performance in the eyelid and 
finger withdrawal situation of the 
groups first given adaptation trials 
was found to be significantly lower 
than that of control groups given only 
conditioning trials. Thus the results 
were consistent with the hypothesis 
that the magnitude of the emotional! 
response evoked by the UCS during 
conditioning and hence the amount of 
drive were less as the result of the 
adaptation trials. 

A question arises as to whether the 


magnitude of the emotional response 


and hence the drive-evoking capacity 
of the UCS during conditioning are 
related to the comparative intensity 
of the UCS used during adaptation 
trials. Should this be the case, condi- 
tioning level would be expected to be 
related to the strength of the adapta- 
tion stimulus, number of adaptation 
trials and intensity of the UCS during 
conditioning held The 
present study is concerned with mak- 
ing such a comparison. 


constant 


The condi- 
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tioning of four groups was studied, a 
control group given no adaptation 
trials and three experimental groups 
given adaptation trials with a noxious 
stimulus weaker, equal, and stronger 
in intensity, respectively, to the UCS 
administered to all Ss during con- 
ditioning. 


Metuop 


Subjects.—The 80 Ss, students in introductory 
psychology courses, were assigned at random to 
the control or one of the three experimental 
groups. Each of the four groups consisted 
of 20 Ss. 

An additional 12 Ss were run in the experi- 
ment but were discarded because they failed to 
meet a latency criterion established in previous 
studies (8) in an attempt to exclude voluntary 
responders in the conditioning period. Briefly, 
all records in which more than 50% of the CR’s 
had latencies of less than 300 msec. were ex 
cluded from further consideration. Of the Ss 
thus eliminated no relationship was found with 
group membership. 

Apparatus and method of recording.—-The CS 
consisted of an increase in the brightness of a 
6-cm, circular milk-glass disc from 1.2 apparent 
ft.-c. to 23.8 apparent ft.-c. The duration of 
the CS on each trial was 520 msec. The UCS, 
a puff of air delivered to the corner of the right 
eye, was produced by the fall of a column of 
mercury in a manometer, intensity being varied 
by length of fall. On conditioning trials the 
onset of the UCS followed that of the CS by 
470 msec. 

Before each trial, S was given a verbal ready 
signal. He was instructed to blink once upon 
receiving this signal and then to fixate on the 
dise. In both adaptation and conditioning 
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trials, intertrial intervals of 15, 20, and 25 sec. 
were employed according to a prearranged 
schedule. 

The equipment for presenting the stimuli and 
recording the eyelid closure is described in detail 
elsewhere (7, 8). 

Procedure for adaptation groups.—Preliminary 
instructions informed S that the study was 
concerned with visual reactions to two types of 
stimuli administered singly and in combination. 
The S was then given a single presentation of 
the CS alone, followed by a single presentation 
of the UCS (30-mm. fall). 

The three adaptation groups were then given 
50 presentations of the UCS alone. Treatment 
of the groups differed only in intensity of the 
UCS employed, the air puff being produced by a 
15-mm., 30-mm., and 80-mm. fall of mercury, 
respectively, for the different groups. Following 
the adaptation trials, 50 conditioning trials were 
given, proceeding without interruption or addi- 
tional instructions. ‘The UCS for all groups was 
produced by a 30-mm. fall. 

Procedure for control group.—F ollowing initial 
instructions and administration of a single CS 
and UCS, S was given 50 conditioning trials. 
The procedure and strength of the UCS for these 
Ss were the same as for the experimental groups. 


REsULTs 


Amplitude in adaptation period.— 
In order to determine whether the 
amplitude of the UCR changed over 
the course of the 50 adaptation trials, 
the amplitude of each of these re- 
sponses was measured for the three 


experimental groups. As Table 1 
indicates, the mean amplitude de- 
creased quite consistently over blocks 


TABLE 1 


Mean Ampuitupe or Response ror Successive Biocxs or 10 
Aparration TriaLs ror THE Apapration Groups 


Group 


Trial Block 





Il (15-mm.) 
III (30-mm.) 
IV (80-mm.) 
































CONDITIONING 


TABLE 2 


Awnatysis or VARIANCE FoR TREND OF THE 
Amp.itupe Data ror Apapration TRIALS 





Mean F 
Square 


11.36 
6.64 


Source 





L71 


24.90* 
4.13* 


Between groups 

Between Ss same group 
Between trial blocks 6.15 
Trial blocks X Groups 1.02 
Pooled Ss X Trials 25 














*P < O11. 


of 10 trials for all groups. Further, in 
every block of trials the mean am- 
plitude was positively related to the 
intensity of the UCS. The signifi- 
cance of these results was tested by 
means of an analysis of variance for 
repeated measures (2), summarized in 
Table 2. As indicated by the be- 
tween-trials F, response amplitude 
decreased significantly as the adapta- 
tion trials progressed. Comparing 
the performance of the three adapta- 
tion groups, the between-groups F fell 
short of statistical significance. How- 
ever, the F for interaction between 
trial blocks and groups was significant 
at the .O1 level, the difference in 
response amplitude between groups 
which was minimal on the early trials 
increasing in later trials, the milder 
puff strengths resulting in more ad- 
aptation. 

Conditioning.—-As may be seen in 
Table 3, the mean number of CR’s 
was greatest for the control Ss, and 
for the three experimental groups de- 
creased in magnitude as intensity of 
the adaptation stimulus increased. 
An analysis of variance performed to 
determine the significance of the 
differences among total number of 
CR’s for the groups yielded a between- 
groups F (4.15) that is significant at 
the .01 level. In addition, a t was 
computed between the means of the 
two extreme adaptation groups (15- 
mm. and 80-mm.) and found to be 


TABLE 3 


Mean Numper or CR’'s ror 50 
Conpitioninc TRIALS 


Group 


I (Control) 
II (15-mm,) 
III (30-mm.) 
IV (80-mm.) 





significant at the .05 level. Thus it 
may be concluded that intensity of the 
adaptation stimulus is related to sub- 
sequent conditioning performance. 


Discussion 


Earlier it was suggested that one of the 
functions of the UCS in defense condi- 
tioning is to evoke an internal emotional 
response, the magnitude of which in part 
determines drive level. The condition- 
ing results of the present study are 
consistent with the further hypothesis 
that the strength of the emotional re- 
sponse and hence of drive to the UCS 
during conditioning are inversely related 
to strength of the UCS during adaptation 
trials. 

Several interpretations of the assumed 
relationship between the hypothetical 
emotional reaction during conditioning 
and the intensity of the adaptation 
stimulus could be offered. First, it is 
possible that the decreased amplitude of 
the eye blink of the experimental groups 
during the adaptation period reflects 
physiological adaptation of the sensory 
system affected by the puff of air, the 
level of adaptation reached being posi- 
tively related to the magnitude of 
stimulation. As such sensory adaptation 
takes place, the magnitude of the emo- 
tional response evoked by the . ° nulus 
would also be expected to decrease. 
While no studies have been reported 
which have employed the conditions of 
the present experiment, there is evidence 
(1) that absolute level of adaptation can 
be a positive function of the intensity of 
stimulation. Assuming the existence of 
such a relationship, the conditioning re- 
sults of the present experiment would be 
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expected since the magnitude of the 
emotional response during conditioning, 
being associated (inversely) with the 
absolute level of sensory adaptation 
reached during the adaptation trials, 
would be least for the 80-mm. group, 
most for the 15-mm. Ss, etc. 

An alternate hypothesis is that a more 
general emotional or fear response, such 
as is assumed to be present in experi- 
ments involving mere threat of shock or 
of some other noxious stimulation, be- 
comes reduced in magnitude during the 
adaptation trials. That is, Ss become 
less fearful of the UCS even though little 
or no sensory adaptation has taken place. 
The differences in conditioning perform- 
ance among the adaptation groups could 
then be interpreted as being dependent 
on the relative strengths of the adapta- 
tion and conditioning stimulus. Thus 
the group administered a 15-mm. puff 
during adaptation experience increased 
stimulation during conditioning and re- 
act with a more vigorous emotional 
response than Ss continuing with a UCS 
of the same strength. Similarly the 


group changed from 80 to 30 mm. ex- 


perience a lesser stimulus during condi- 
tioning and hence react with an even 
lower emotional response than at the end 
of the adaptation period. 

Even if the above analysis were cor- 
rect, some sensory adaptation could be 
taking place. The more crucial point 
concerns the results of conditioning: 
whether performance differences among 
groups reflect the level of sensory adapta- 
tion reached during adaptation trials or 
whether the relative strength of the 
adaptation and conditioning stimulus is 
the critical factor. The present study 
provides no way to test the two alterna- 
tives, although the fact that the ampli- 
tude of the response to the air puff is still 
positively related to the intensity of the 
puff even at the end of the adaptation 
trials tends to support the general emo- 
tionality hypothesis. 


SUMMARY 


Four groups were given 50 trials in a defense 
conditioning situation under the same condi- 
tions. Prior to conditioning, three of the groups 
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were given 50 adaptation trials with the UCS 
alone, the intensity of the noxious stimulus for 
the groups being weaker, equal to, and stronger, 
respectively, than the UCS employed during 
conditioning. The fourth, control, group was 
given only conditioning trials. 

Results indicated that the amplitude of 
response to the UCS decreased significantly over 
the course of the adaptation trials for all groups. 
No significant differences in amplitude were 
found among groups. 

In conditioning, the control group gave the 
greatest number of CR’s, while for the adapta- 
tion groups, performance was inversely related 
to the intensity of the UCS employed during 
adaptation. These results were interpreted as 
being consistent with the hypothesis that one 
function of the UCS during conditioning is to 
evoke an internal emotional response and, 
further, that the magnitude of this response is 
inversely related to the intensity of the stimulus 
given on the adaptation trials. 
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Considerable research interest in re- 
cent years has centered around the 
attempt to extend Hullian learning 
theory to the study of human motiva- 
tion. In a substantial number of 
studies in this area, scores on the 
Taylor Manifest Anxiety Scale (MAS) 
have been used as an operational 
measure of effective drive level, and 
relations between performance on this 
scale and performance in varying 
types of learning situations have been 
reported. 

The MAS, as described by Taylor 
(13), consists of a series of 50 MMPI 
items selected by clinical psycholo- 
gists as indicative of manifest anxiety. 
These items are embedded in a larger 
scale called the Biographical Inven- 
tory. Farber and Spence (3), as a 
rationale for using this instrument in 
studies of learning, state the assump- 
tion that the MAS scores “. . . are 
an index of [the] Ss’ state of reactiv- 
ity or excitability which in turn re- 
flects their general level of drive 
(D).” Further, according to Hullian 
theory, effective drive level interacts 
multiplicatively with all habit tend- 
encies to determine effective reaction 
potential. On the basis of this posi- 
tion, the following general predictions 
about learning ability have been made: 
(a) better performance may be ex- 


1 This study was supported in part by a re- 
search grant to the second author, from the 
National Institute of Mental Health of the 
National Institutes of Heslth of the USPHS 
(Contract No. MH 437C). This is the sixth in a 
series of papers emanating from this work. Part 
of the material reported in the present paper was 
presented at the Eastern Psychological Associ- 
ation meetings in New York, April, 1954. 


pected from high-anxious Ss (high 
MAS score) on a task with a single 
dominant response tendency, e¢.g., 
conditioning, and (6) increasing im- 
pairment of performance may be ex- 
pected for high-anxious Ss on com- 
plex tasks, involving competing re- 
sponse tendencies, as a function of the 
number and strength of competing 
response tendencies. 

Considerable data have now been 
collected bearing directly on these 
predictions. In simple conditioning 
studies, high-anxious Ss have been 
found to condition better than low- 
anxious Ss (9, 10, 11, 12). On com- 
plex tasks, the high-anxious Ss have, 
in general, been found to perform less 
effectively (3, 6, 7, 8, 14). The fore- 
going investigations have, for the 
most part, been based on comparison 
of extreme high- and low-scale scorers. 
Some evidence has been presented sug- 
gesting that this relationship may not 
extend throughout the entire A-scale 
range (4, 7). 


PROBLEM 


The present study is the first of a 
series designed to examine further the 
relationship between MAS scores and 


performance on various tasks. It was 
designed primarily to replicate the 
Farber and Spence study on anxiety 
and stylus maze learning (3). These 
investigators used a 10-choice-point 
linear T maze with anxious and non- 
anxious Ss selected from extreme 
scorers on the MAS. Each experi- 
mental group consisted of 40 students 
selected frora the upper and lower 20% 
of the distribution, as determined by 
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a standardization group. It was 
found that: (a) anxious Ss were sig- 
nificantly inferior in maze perform- 
ance, both for trials and errors, and 
(b) anxious Ss tended to make rela- 
tively more errors at the more difficult 
choice points. 

The present study introduces two 
methodological extensions not pres- 
ent in the Farber and Spence study: 
(a) As a further examination of the 
sensitivity of the MAS over the whole 
range of scores, a middle-anxious 
group (43rd to 56th percentiles) was 
included in the present experiment. 
(b) In the Iowa studies, Ss with Lie- 
Scale scores of seven and above were 
eliminated from experimental con- 
sideration.? It was felt that high Lie 
scorers may not have been responding 
to the MAS items objectively. This 
added selection criterion was not used 
in the present study, since our inten- 
tion was to utilize Lie-Scale data as an 
integral part of the statistical anal- 
ysis. In fact, since high Lie scorers 


tended to fall primarily in the low 
MAS range, an attempt was made to 
select a relatively higher proportion of 
low-anxious Ss for purposes of the 
Lie-Scale analysis. 


METHOD 


Subjects. —Ninety-six freshman men and wo- 
men were chosen from a group of 276 on the 
basis of performance on the MAS. Three groups 
were selected: High anxiety—scores of 27 (90th 
percentile) and above; Middle anxiety—scores 
of 12 to 14 (43rd to 56th percentiles) ; Low anxi- 
ety—scores of 6 (20th percentile) and below. 
Subjects in each group were: 27 high (14 male 
and 13 female), 30 middle (17 male and 13 
female), and 39 low (26 male and 13 female). 
Subjects were seen in individual testing sessions 
on the basis of random assignment to one of the 
three Es, 

A pparatus.—The stylus maze was of the same 
design as that described by Farber and Spence. 
The only variations from their model were in the 
use of sheet aluminum instead of brass and a very 


*Personal communication from Dr. I. E. 
Farber. 


H. $8. AXELROD, E. L. COWEN, AND F. HEILIZER 


slight alteration of the over-all dimensions of the 
plate into which the maze pattern was cut, 
which in no way affected the maze-pattern 
dimensions.’ 

Procedure.—The prese:t procedure was es- 
sentially the same as in the study being repli- 
cated. Two slight changes in the present study 
involved: (a) the use of an automatically timed, 
5-sec. interval, signal (buzzer) for moving to 
succeeding choice points, and (b) the use of 
opaque goggles instead of a curtain screen to 
prevent visual examination of the maze. 

Prior to the start of the experiment, all Ss 
were given several practice trials on a three- 
choice-point demonstration maze, similar in 
general design to the experimental maze, in order 
to familiarize them with the use of the buzzer 
signal and the verbal instructions at the choice 
points. 

The experimental procedure consisted of 
having Ss move from choice point to choice point 
at 5-sec. intervals indicated by the buzzer signal. 
When S made an incorrect choice, thereby mov- 
ing toward a blind alley, he was told “no.” He 
then reversed direction until he was just past the 
choice point (now pointing in the correct di- 
rection) when he was told “stop.” If a correct 
choice was made, S was told “yes,” and he 
stopped immediately. In either case, after he 
stopped, S waited for the buzzer and then pro- 
ceeded to the next choice point where the direc- 
tions “no” and “stop,” or “yes,” were again 
given. This procedure was repeated for all 
choice points. The criterion of mastery was 
two consecutive errorless trials. 


RESULTS 


‘MAS analysis——Means and SD’s 
for all MAS groups for error scores 
and trials to criterion are presented 
in Table 1. The analysis of vari- 
ance‘ for error scores and trial scores 


* According to a personal communication from 
Dr. I. E. Farber, the correct choice at the last 
choice point is to the right and not, as reported in 
the Farber and Spence paper, to the left. 

* Because there were unequal cell entries, the 
analysis of variance used is an approximation 
method (5) requiring that the following two as- 
sumptions be satisfied: (a) homogeneity of vari- 
ance, and (b) random distribution of cell entries. 
For all A-scale analyses homogeneity of variance 
was tested by means of Bartlett’s test, and the 
random distribution of cell entries was tested by 
a chi-square technique. In each case it was pos- 
sible to demonstrate that the prerequisite as- 
sumptions had been fulfilled. 
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TABLE 1 


Means anv SD’s vor Srytus Maze 
Perrormance or Hicu, Mippte, 
anv Low Anxiety Groups 


Errors 
Group 





Mean SD 


High 
Middle 


Low 


34.8 
30.4 
29.3 














is presented in Table 2. In the case 
of error scores, the Anxiety-Sex-Ex- 
perimenter interaction proves to be 
highly significant when tested over 
the within-error term. In order to 
use the significant triple interaction 
as an error term, at least one of the 
variables must be randomly distrib- 
uted (2). Neither the Anxiety nor 
the Sex variable meets this criterion 
and, since we are unwilling to assume 
post hoc a random selection of Es, the 
within-error term was used to test 
the double interactions and the main 
effects. Thus, in Table 2, it may be 
seen that, although none of the main 
effects reach the .05 level of confidence, 
all the interactions are significant at 
the .05 level of confidence or beyond 
when tested over the within-error 


TABLE 2 


Anacysis or VARIANCE For Error 
anv Triat Scores 





Error Scores Trial Scores 


~ 


mewn | 


797.6 
1180.0 
2778.2 
1410.8 

287.6 


Mm &NmN 
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term. In order to increase the clarity 
of the results, separate analyses were 
done for each sex. Neither the 
Anxiety main effect nor the Anxiety- 
Experimenter interaction reaches 
statistical significance for either sex. 
The Experimenter main effect, how- 
ever, is statistically significant for 
men, although not for women. 

In the case of the trial scores, only 
the Experimenter-Sex interaction 
reaches statistical significance when 
tested over the within-error term. 
Once again separate analyses of vari- 
ance were done for each sex. Only 
the Anxiety-Experimenter interaction 
in the analysis of variance for men 
reaches the .05 level of confidence. 
(In the case of both the error and 
trials-to-criterion analyses, since the 
analysis of variance used is an approx- 
imation method, the precision of 
which is not known, t’s were computed 
between high, low, and middle MAS 
groups in all combinations. None of 
the t’s approached significance at the 
.O5 level of confidence. In order to 
make our results entirely comparable 
to the Farber and Spence data, these 
t’s were also computed eliminating 
all L-scale scores of 7 and above. The 
results were not altered by this 
analysis.) 

Choice-point analysis.—In the Far- 
ber and Spence study the prediction 
was made that high MAS scorers 
would perform progressively worse on 
the more difficult choice points as 
compared to low MAS scorers. The 
level of difficulty for each choice point 
was determined by the number of 
errors made by an independent, un- 
selected group of students from under- 
graduate experimental psychology 
classes. A rank-order correlation 
was computed between choice-point 
difficulty level and the total errors 
made by high MAS scorers minus the 
total errors made by low MAS scorers 
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TABLE 3 


Dirricutty Lever or Cuoice Points anp Mean Ernrors at Eacu 
Cuoice Point ror Hich ann Low Anxiety Groups 








1 3 4 


10 





5 1 4 3 





27 
39 


2.78 | 1.93 | 5.52 | 1.59 
2.26 | 1.90 | 3.51 | 1.15 




















6 
2.22 
2.44 























* Higher ranks represent greater difficulty. 


at each choice point. The resultant 
rho of .74 was interpreted to mean 
that the high MAS scorers performed 
progressively worse, as compared to 
low MAS scorers, as a function of the 
level of difficulty of the choice points. 
The above procedure and analysis was 
reproduced in the present experiment. 
The data presented in Table 3 contain 
the choice-point difficulty level, as 
determined by a new standardization 
group of undergraduate experimental 
psychology students at the University 
of Rochester (N = 24), and the mean 
number of errors made at each choice 
point by high and low MAS scorers. 
While the resulting rho of .76 is in 
direct agreement with the comparable 
Farber and Spence data, there is a 
serious objection to the manner in 
which this type of rank correlation is 


computed. In the Farber and Spence 
experiment, the high MAS group 
made significantly more errors for the 
maze as a whole than the low MAS 
group. In the present experiment, 
the high MAS group also made more 
errors than the low MAS group, al- 
though this difference did not reach 
statistical significance. It is to be 
expected, therefore, that the positive 
correlations reported above were, at 
least in part, an artifact of the greater 
number of errors made by the high 
MAS group over all the choice points. 
Thus, when absolute differences in 
errors at the various choice points are 
used, the discrepancy between groups 
is spuriously accentuated on the more 
difficult choice points compared to the 
easier ones. 

In order to control for the total 
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Percentace or Torat Errors at Eacu Cuoice 
Point ror Hicu anp Low Anxiety Groups 
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number of errors made by each group, 
rank-order correlations were com- 
puted, for both experiments, com- 
paring the difficulty level of the choice 
point with differences between the two 
groups in percentage errors at each 
choice point (see Table 4). When 
this was done, the obtained rhos for 
the Farber and Spence study and for 
this experiment, respectively, were 
—.50° and +.32 which for 9 df, do not 
reach the .05 level of confidence. 
The above analysis is one method 
of controiling for differences in per- 
formance between groups (i.e., total 
number of maze errors) in this par- 
ticular experimental situation. Far- 
ber and Spence, however, attempted 
also to control for this factor by select- 
ing 20 pairs of anxious and nonanxious 
Ss with the same total error score and 
comparing the errors for the two 
groups on the five easiest and five 
most difficult choice points. The re- 
sulting ¢ of 1.84 was significant at the 
.O5 level of confidence (one-tailed 
test). A similar analysis was done 
in the present study using 18 pairs of 
Ss. In this case 9 pairs had identical 
scores and 9 pairs differed by one 
error. The data for these groups of 
paired Ss are presented in Table 5. 
The ¢t for matched pairs yielded a 


TABLE 5 


Error Scores or 18 Parrs or Hicn ann Low 

MAS Scorers (Matcuen ror Torar Errors) 
at THE Five Least Dirricutt ann THE 
Five Most Dirricutt Cuoice Ports 


Least Difficult 


Most Difficult 
| é 


1 

Group | —-— 7 

SD Mean SD 
21.17 
| 20.83 


9.68 
9.76 


5 This figure is based on Farber and Spence’s 
reported difficulty level. Using choice-point 
difficulty levels as established with the present 
standardization group, the rho becomes —.35. 
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TABLE 6 


Srytus Maze Perrormance vor Hicn anv 
Low Lie Groups, ror rue Torat PorvuLation 
ano Wirnin tue Low Anxiety Group 


7 
| Errors 
Group | Nv a 
| 


Trials 


Mean| SD Mean| SD 


959 
6.02 


Total High Lie 
Total Low Lie 


18.491} 15.9 
15.50! 10.5 


36.6 
26.6 


High Lie-Low \ 
Low Lie-Low A 


value of .29 which, for 17 df, does not 
approach significance at the .05 level 
of confidence. 

Lie-Scale analysis.—It was also our 
intention to test for differences be- 
tween high and low Lie groups for 
trials to criterion and total errors by 
means of the above analysis-of-vari- 
ance technique. Unfortunately, how- 
ever, one of the basic conditions of this 
technique—random distribution of 
cell entries—was rejected at the .05 
level by means of a chi-square test 
The ¢’s were computed for trials and 
for errors between high (scores of 6 
and above) and low (scores of 3 and 
below) Lie groups for the total experi- 
mental population, and also between 
high and low Lie scorers within the 
low MAS group. The data for these 
analyses are presented in Table 6. 
The ¢ ratios between the total sample 
high and low Lie groups for Trials 
and Errors were significant at the .05 
level of confidence or better, using a 
two-tailed test (t = 2.79 and 2.34, 
respectively). Although the differ- 
ences between high and low Lie 
groups within the low MAS group 
were in the same direction and of ap- 
proximately the same magnitudes for 
both trials and errors, as the differ- 
ences between the total population 
high and low Lie groups, the re- 
sulting ¢’s of 1.93 and 1.38, respec- 
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tively, did not reach the .05 level of 
significance due to the reduced N’s. 

Choice-point analyses (structurally 
similar to those done for anxiety 
groups) were also computed for high 
and low Lie groups for the total 
sample and within the low MAS 
group. The resulting rhos of +.39 
for the total population and +.42 for 
the low MAS group do not reach the 
.O5 level of significance. 


Discussion 


MAS analysis.—No significant differ- 
ences among MAS groups were found on 
total errors or trials to criterion. It is 
interesting to note that the interactions 
seem to be more important in these 
analyses than are any of the primary 
effects, and that the Sex and Experimen- 
ter variables seem to be at least as im- 
portant as the Anxiety variable. This 
is particularly noteworthy because previ- 
ous studies in this area have tended to 
ignore the former variables and because 
there is, as yet, no place for them in the 
deductions tested here. 


A finding of special interest is the difficulty 
level of the stylus maze per se in the present 
experiment. Here Ss required almost twice as 
many trials and made nearly twice as many 
errors as did Ss in the Farber and Spence study. 
This finding is surprising since: (a) in both 
studies the Ss were college students, and (6) the 
distribution of MAS scores, upon which the 
selection of Ss in the present study was based, 
was almost identical to the population distribu- 
tion from which Ss were selected by Farber and 
Spence. ‘Thus it is not likely that differences 
between the two groups in intelligence or in 
measured anxiety level would be large enough 
to account for performance differences in the two 
studies. In trying to account for these differ- 
ences, two procedural variations warrant con- 
sideration. ‘The first is our use of opaque goggles 
to prevent secing the maze in comparison to the 
curtain screen that Farber and Spence used. 
Probably opaque goggles are more effective in 
reducing visual and tactual cues than is a curtain 
screen, thus making for a higher difficulty level 
in maze performance in the present experiment. 
It is also possible that the more complete reduc- 
tion of normal, everyday cues tends to disorgan- 
ize naive Ss, thus impairing their manifest per- 
formance, 
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A second consideration is the nature of the 
samples used in the two studies. Farber and 
Spence utilized Ss from psychology classes, 
while in the present study, Ss were recruited from 
freshman English classes and had not taken any 
psychology courses. Our Ss may, therefore, 
have been more threatened by the experimental 
situation than were the less naive Ss utilized by 
Farber and Spence, this in turn resulting in less 
efficient performance. 

Whether these two hypotheses can plausibly 
account for the striking differences in perform- 
ance level between Ss in the two experiments is a 
matter of personal choice until tested experi- 
mentally. The deductions from Hullian theory 
would, if anything, lead us to expect even more 
marked differences between MAS groups under 
present experimental conditions than were re- 
ported by Farber and Spence. Actually the op- 
posite results were obtained. 


One final consideration remains. De- 
spite our essentially negative findings 
with respect to anxiety level and maze 
performance, there appears to be at least 
a slight tendency for the high-anxious 
group (only when compared to the low- 
anxious group) to require a greater num- 
ber of trials and to make more errors on 
the maze. Thus, the direction of our 


findings in this particular phase of the 
study is similar to that reported by Far- 
ber and Spence at a nonchance level of 


confidence. We can at best only specu- 
late as to the interpretive significance of 
this state of affairs. There is, of course, 
the distinct possibility that the present 
findings represent nothing more than 
chance departures, and that the similar- 
ity in the direction of results in the two 
experiments therefore carries no special 
interpretive significance. If this is not 
so, some resolution for the disparate 
findings may possibly reside in two areas. 
First, the relations between drive level 
and performance may be more complex 
than present formulations suggest, and 
second, the MAS may be an imprecise 
measure of drive level (i.c., its measure- 
ment properties may change with changes 
in administrative conditions, motivation 
of Ss, etc.). 

Choice-point analysis.—When perform- 
ance was held constant, no significant 
relationships were found between choice- 
point difficulty and differential perform- 
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ance on the part of MAS groups. This 
result holds true for both methods of 
controlling for performance differences 
used in the present study: (4) computing 
the rank-order correlation on the basis 
of percentage of error scores at each 
choice point, and (4) pairing high and 
low MAS Ss on the basis of total errors 
and comparing the errors for the two 
groups on the five easiest choice points, 
by means of a ¢ test for matched pairs. 
The writers believe that the first method 
is preferable to the second method, be- 
cause it uses the entire sample while the 
latter uses only a part of the total sample 
and may introduce selective sampling. 
For example, when the first method was 
applied to the Farber and Spence data, 
a rank-order correlation of —.50 was 
obtained, indicating that the low MAS 
group performed progressively worse, as 
compared to the high MAS group, as the 
difficulty level of the choice points in- 
creased. This correlation, opposite in 
direction to the predicted relationship, 
describes the entire group of 40 high 
MAS and 40 low MAS Ss. On the 


other hand, when Farber and Spence 
selected 20 pairs of high and low MAS 
Ss with each pair matched as to total 
error score, and compared their relative 
performance on the five easiest choice 
points, the resulting ¢ describes only one- 


half of the entire group of Ss. For these 
results, since the statistic describing the 
entire group indicates a negative relation 
ship, while the statistic describing a part 
of the total group indicates a positive 
relationship, one may raise the question 
of whether the latter result derives from 
a nonrepresentative sample of high- and 
low-anxious Ss. 

This question increases in importance 
upon further examination of the Farber 
and Spence data. The mean error 
scores for the high and low MAS 
groups, respectively, were 19.15 and 
13.70, while the mean error score for 
the 20 pairs of matched Ss was 13.55. 
These data seem to indicate that the 
high MAS subgroup selected by Farber 
and Spence represents an atypical sample. 

Thus it would seem that neither the 
Farber and Spence choice-point analysis 
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nor the data of the present study lend 
support to the pertinent deductions from 
Hullian theory. 

Lie-Scale analysis.—Significant differ- 
ences were obtained between high and low 
Lie-Scale scorers for the whole sample on 
total errors and on trials to criterion, 
indicating that the low Lie group per- 
formed better than did the high Lie 
group. These results might be consid- 
ered to support the Farber and Spence 
position only if the assumption is made 
that the Lie Scale measures drive level. 
Lacking further evidence on this point, 
however, and because the Lie Scale was 
not devised as a measure of drive level, 
we may interpret this result either as a 
chance occurrence or as one not yet 
integrated within any particular theoret- 
ical system. 

Choice-point analyses were computed 
for high and low Lie groups, both for 
the total population and within the low 
MAS group. It was felt that if these 
results were also consistent with the de- 
ductions from Hullian theory (substitut- 
ing Lie for Anxiety: high Lie scorers 
would perform progressively worse on the 
more difficult choice points as compared 
to low Lie scorers) then it would be more 
justifiable (a) to argue that the Lie Scale 
might represent a type of measure of 
drive level, and (4) to interpret the Lie- 
Scale analyses as supporting the Farber 
and Spence theoretical position. The 
resulting rhos, however, did not reach 
the .05 level of confidence. 


SUMMARY 


The present study replicated the Farber and 
Spence investigation of the relationship between 
scores on the Taylor Manifest Anxiety Scale and 
stylus maze performance. On the basis of de 
ductions from Hullian theory, it had been pre 
dicted that: (a) high MAS scorers would perform 
more poorly on the maze than would low MAS 
scorers, and (b) high MAS scorers would perform 
progressively worse on the more difficult choice 
points, as compared to low MAS scorers. Addi 
tionally, in the present study, a group of Ss 
whose MAS scores fell in the middle range was 
included, Subjects were selected in such a way 
as to make possible a regrouping and secondary 
analysis on the basis of Lie-Scale data. 
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Ninety-six male and female Ss were selected 
from a group of 276 freshmen, as high, middle, 
and low MAS scorers, and were tested on the 
stylus maze. In contrast to the Farber and 
Spence findings, no significant differences were 
found among anxiety groups with respect either 
to total errors or trials to criterion. No sig- 
nificant relationships were found between choice- 
point difficulty and differential performance be- 
tween high and low anxiety groups. A re- 
examination of the comparable Farber and 
Spence data suggests that their conclusions may 
be based on an inappropriate method of analysis. 
With respect both to over-all maze performance 
and choice-point analyses, our data do not sup- 
port either the Farber and Spence findings or 
present simple deductions from Hullian theory. 

Regrouping our data, it was found that low 
scorers on the Lie Scale perform significantly 
better than high Lie scorers both with respect to 
trials to criterion and total errors. Differences 
in maze performance between “Lie” groups are 
greater than differences between anxiety groups. 
These empirical findings are suggestive rather 
than conclusive, and warrant further research 
consideration. 
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DEVELOPMENT AND MAINTENANCE OF THE 
PREFERENCE VALUE OF AN OBJECT! 


HAROLD M. SCHRODER 
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The development of goal-directed 
behavior and particularly the main- 
tenance of goals under varying condi- 
tions continue to constitute important 
problems for personality theory. 
This study is concerned with the 
measurement and relationship be- 
tween two variables, having relevance 
to the development and maintenance 
of the preference or reinforcement 
value of an object. 

It is well known that a neutral ob- 
ject takes on reinforcing qualities 
when it is paired with a primary 
reward (1, 7, 8, 11). In all these 
experiments the strength of the 
learned reward was determined by 
maintenance measures: for example, 
trials to extinction or the learning of a 
new problem on the basis of the 
learned reward. Some studies em- 
ploying maintenance measures have 
been concerned with variation in the 
strength of a learned reward as a 
function of the reinforcement ratio 
during training (3, 6, 10). In con- 
trast to these investigations another 
group of studies has utilized the 
measure of preference or reinforce- 
ment value of an object (2, 4,5). The 
preference value of an object is meas- 
ured by a choice technique relative to 
other objects having known prefer- 
ence values. 


! This article is based on a dissertation sub- 
mitted in partial fulfillment of the requirements 
for the Ph.D. degree in the Department of Psy- 
chology at The Ohio State University. The 
author is greatly indebted to Professors J. B. 
Rotter and D. D. Wickens for their valuable aid 
during various phases of this study. 

2 Now at Princeton University. 


Although no explicit rationale about 
the relationship between these two 
measures, namely maintenance and 
choice measures, is presented, it is 
assumed that they are independent, 
that is to say, the preference value of 
an object is not expected to have any 
necessary relationship to the mainte- 
nance of that value under conditions 
of extinction. The present study 
aims to examine this relationship and 
has two aspects. First, it aims to in- 
vestigate the relationship between the 
reinforcement ratio during training, 
and preference value measured im- 
mediately after training. It is hy- 
pothesized that the preference value 
of an object is a function of the prob- 
ability that it will be followed by a 
subsequent reinforcment and the value 
of the subsequent reinforcement (9). 
Partial training would be expected to 
result in a lower preference value. 
Second, an initial step will be taken 
to explore the relationship between 
preference value and the maintenance 
of that value during extinction. It is 
predicted that, although objects will 
have a lower preference value after 
partial training, the value of these 
objects will be maintained over a 
greater number of extinction trials. 


Metuop 


Subjects. —The Ss were @& female children 
from the second, third, and fourth grades. 

Materials.—A manually operated vending 
machine was constructed in which S could insert 
tokens and then pull a lever so that a charm was 
ejected. The tokens consisted of j-in. square 
cardboard pieces, and 20 different charms were 
used as rewards. 
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Procedure.—Each S was presented with 20 
different charms and one token and asked to 
select the most preferred charm. This proced- 
ure was continued until the charms were in order 
of preference from highest to lowest. The 
charms that ranked 1, 2, 4, 5, 7, and 8 were 
selected as reward charms. ‘They were used as 
subsequent rewards to pair with the token. The 
charms that ranked 3, 6, 9, 12, 15, 18, and 21 
were selected as the scale charms, since they 
represent a six-step preference scale for each S. 
In all cases the token was ranked 21. For these 
steps to represent meaningful differences in rein- 
forcement value, the reliability of Ss’ rankings 
must be high. Therefore, S was asked to re- 
rank the six scale charms and the token, allowing 
the computation of reliability. 

Training.—The instructions were as follows: 
“You have always placed this [pointing to the 
token ] at the bottom, but I will show you how it 
can win prizes for you. Every time you get one 
of these [tokens] you may place it in here 
[pointing to slot in vending machine] and pull 
this lever, and if anything comes out here [point- 
ing to ejection slot] you may keep it.” The S 
was handed three tokens at a time and the in- 
structions were repeated on the occurrence of 
every second reward. The order of the occur- 
rence of charms was the same for all Ss in terms 
of the rank position of the charm. 

Groups.—Group | received 8 rewards over 16 
trials. The order of the reinforcement was 
++—+-—-+-++-—-+-+-—-. Group 2 
received 8 trials and 8 rewards, while Group 3 re- 
ceived 16 trials and 16 rewards. That is, for 
two groups (1 and 2) frequency of reinforcement 
was held constant and the probability of rein- 
forcement was varied, and for two groups (2 and 
3) frequency of reinforcement was varied and 
the probability of reinforcement was held con- 
stant. 

Determination of RV of token.—As soon as the 
training was completed, £ stated; “Let us stop 
here a while. I want you to make some choices 
for me and whatever you choose you may keep. 
[placing a token beside the lowest ranked charm, 
No. 18]. If you select this one [pointing to 
token] you may place it in the machine and if 
anything comes out you may keep it, and if you 
choose this one [pointing to charm] you may put 
it with your prizes and keep it.” This procedure 
was continued up the preference scale until all 
choices were made. The more times the token 
was chosen instead of & charm, the higher the 
RV of the token. 

Extinction.—Since there were slight variations 
in the number of tokens accumulated under 
different conditions, Z removed the tokens ac- 
cepted by S to a position where they were not 
visible to S and merely handed S three tokens at 
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a time during extinction. After every three ex- 
tinction trials the RV of the token was deter- 
mined as described above. Extinction was con- 
tinued until no charms remained, i.e., until the 
token returned to its original RV, the lowest in 
the scale. 


ReEsuLts 


The median rho between the first 
and second ranking of the charms was 
.95, so that it may be assumed that 
the six scale charms represented mean- 
ingful steps on an empirical scale for 
the calculation of preference value of 
the token. 

Preference value after training.— 
The mean increase in preference value 
of the token for Groups 1, 2, and 3 
was from zero to 3.5, 4.40, and 4.75, 
respectively, before extinction began 
(see Fig. 1). The 50%-reinforcement 
group ascribed a significantly lower 
preference value to the token than 
both continuous-reinforcement groups. 
The difference between the groups 
given 8 and 16 continuous reinforce- 
ments was not significant. 

Maintenance of preference value. 
Figure 1 presents curves for the value 
of the token after every three extinc- 
tion trials. Although the token had 
a significantly lower preference value 
for Group 1 (50%) after training, 
Group 1 needed significantly more 
extinction trials for the token to re- 
duce in value to its original position of 
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Reduction of preference value 
as a function of extinction. 
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zero on the scale. After the sixth 
extinction trial the token had a sig- 
nificantly higher preference value for 
Group | than for either of the two con- 
tinuous groups. The mean number 
of blocks of three extinction trials 
taken for the token to return to its 
original preference value was 5.40, 
2.85, and 2.40 for Groups 1, 2, and 3, 


respectively. The 50% group re- 


quired significantly more extinction 
trials than Groups 2 or 3. 


Discussion 


The results are in essential agreement 
with the hypotheses. When a choice 
method is used as a consequent condition 
for a learned reward, its value would ap- 
pear to be some function of the probabil- 
ity that it was followed by a subsequent 
reward during training. When partial 
and continuous training sequences are 
compared, the original lower preference 
value after partial training maintains 
that value over significantly more ex- 
tinction trials. Under these training 
conditions, the strength of a given goal- 
directed behavior is unrelated to its per- 
sistence under extinction conditions. 
Although most psychologists assume this 
experimental finding, the implications 
have not been generally utilized or sub- 
jected to further research. The question 
of maintenance still offers a challenging 
problem since an adequate description 
would appear to involve the nature of the 
thought processes or assumptions de- 
veloped about sequential events. 


SUMMARY 


Using 60 elementary school children, a pre- 
viously neutral token was associated with re- 
wards so that expectancy and frequency varied 
independently. Group 1 received 16 trials and 
8 rewards, Group 2 received 8 trials and 8 re- 
wards, and Group 3 received 16 trials and 16 
rewards. The reinforcement value of the token 
was measured by a choice technique relative to 
other objects having a known scale value. 
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Measures of reinforcement value were taken after 
training and after every three extinction trials. 
The token had a significantly lower reinforce- 
ment value for Group 1 (partially reinforced) 
than for Groups 2 and 3 (continuously rein- 
forced), but maintained that value over sig- 
nificantly more extinction trials. No differ- 
ences were found between Groups 2 and 3. 
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THE 


EFFECT OF EGO ORIENTATION 


AND PROBLEM 


DIFFICULTY ON MUSCLE ACTION POTENTIALS! 
MARY E. REUDER 
Queens College 


The present investigation was 
undertaken to ascertain the com- 
parative effects of ego- and task- 
orienting instructions on muscular 
tension behavior during problem- 
solving activity. It was hypothesized 
that a significant difference in amount 
of muscular tension would be found 
between ego-instructed and task- 
instructed Ss when both groups were 
engaged in the same task. 

This hypothesis resulted from an 
attempt to relate studies which deal 
with the concept of psychological ten- 
sion with those involving physio- 
logical muscular tension. No clearly 


definable operations have enabled in- 
vestigators to specify psychological 


tension as an independent variable. 
Nevertheless, it has been postulated 
as a variable which accounts for the 
facilitative or inhibitive effects of ego- 
orienting (or esteem-threatening) in- 
structions as contrasted with task- 
orienting instructions. Similar effects 
on behavior have been observed when 
physiological muscular tension has 
been directly measured and/or sys- 
tematically varied. Both variables, 
the one a hypothetical construct and 


! This report is based on a dissertation sub- 
mitted in 1951 to the Graduate School of Arts 
and Sciences, University of Pennsylvania, in 
partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. An abridged 
version was read before the American Psycho- 
logical Association, September 1953. The 
author is indebted to Dr. William A. Shaw for 
his criticisms and suggestions during the planning 
and execution of the study; to Dr. Marvin A. 
Iverson both for his assistance in acting as FE, 
and for his independent check of all calculations ; 
and to Mr. George Croswell for his advice and 
assistance on the apparatus, 


the other a directly measurable dimen- 
sion of performance, are described as 
affecting behavior in terms of a con- 
tinuum with disruption occurring at 
the extremes and optimal facilitation 
of performance somewhere in the 
middle range (compare 2, 3, 4, 5, 15, 
16, 19, 20, 21, 22, 23, 25, 31 with 6, 7, 
8, 9, 10, 18, 24, 27, 28, 29, 30). 

Traditionally, instructions in mus- 
cular tension studies have been task- 
orienting and have not constituted an 
independent variable. The most rele- 
vant evidence available showing a 
relationship between psychological 
tension-arousing conditions and phys- 
ical activities is Freeman’s analysis 
(12) of patellar tendon deformation 
and Smith’s electromyographic study 
(29) with the interrupted-task tech- 
nique, 

MetuHop 


Design.—A factorial design for two independ- 
ent variables was employed. The independent 
variables were: type of instructions (ego-orient- 
ing vs. task-orienting) and difficulty of the 
problems (easy vs. hard). ‘The major dependent 
variable was muscle action potential (MAP) 
changes during problem solution. Records 
were also kept: of MAP changes during ad- 
ministration of instructions and during between- 
problem rest; of verbal responses of S to the 
problems; and of length of time (up to 1 min.) 
required by S to report a solution. Initial MAP 
levels obtained during a preliminary rest period 
served as a control measure. There were thus 
four sets of experimental conditions: Ego-easy 
(E-E), Ego-hard (E-H), Task-easy (T-E), and 
Task-hard (T-H). 

Apparatus.—The recording apparatus con- 
sisted of a 3-stage resistance-capacitance single- 
ended amplifier, the response of which is flat 
from below 25 cps to 1000 eps after which it falls 
off approximately 3 db per octave; a surface 
electrode attached to the outer side of S’s upper 
right forearm; a grounded electrode resting on a 
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felt pad soaked in saline solution attached on the 
inner side of the elbow of the same arm. A 
DuMont 5-in. cathode-ray oscilloscope and a 
16-mm. Bell and Howell moving picture camera 
set to a speed of 16 frames per sec. were also part 
of the recording apparatus. A General Radio 
microvolter in connection with a General Radio 
beat frequency oscillator was used to calibrate 
the recording apparatus at a IOyv level. All 
of this apparatus was housed in one room 
adjacent to the shielded metal cage in which Ss 
were placed. 

Subjects—It is known that on problem- 
solving tasks there is an inverse relationship 
between MAP changes and intelligence (24, 28). 
For this reason, Ss were matched in groups of 
four on SAT scores and randomly assigned to one 
of the four sets of experimental conditions. The 
final data were based on a total of 40 Ss selected 
from white, male, introductory psychology 
students. 

Experimental probiems.—Number _ progres- 
sions from the Hunt Arithmetic Progressions 
Test (17) were used as the problem-solving task. 
The easy-problems task consisted of Hunt's 
Group VII (e.g., 2—3—5-—8—12 ——, ). 
The hard-problems task was Hunt’s Group 1X 
(eg., 2—3—5—2—6—l11—5 ——, ——). Be- 
cause of the possible within-group variation 
in difficulty of individual problems (the test is 
not standardized), the five problems of a group 
taken together were considered as a single task 
in evaluating the results. All of the problems 
used were mathematically solvable. 

Instructions.—General introductory instruc- 
tions’ to relax, close his eyes, and make no ex- 
traneous movements were presented to each S. 
He was further told that because it was necessary 
in this experiment for all Ss to think about the 
same thing, arithmetic problems would be 
presented. Ego-oriented Ss were further in- 
structed that the problems comprised a short- 
form intelligence test which would be used in 
further evaluation of them. Task-oriented Ss 
were told that the problems were unstandardized 
and that £ was merely trying to find out some- 
thing about the problems. All groups of Ss 
were given the same four practice problems 
(see 26) prior to presentation of the experimental 
tasks. At various points throughout the in- 
structions all Ss were cautioned against extrane- 
ous movement and requested to relax physically 
as much as possible. 

Experimental procedure.—Two Es were neces- 
sary to carry out the procedure, one to run the 
recording equipment and the other to administer 
the instructions to S. As each S arrived, FE, 

*The exact wording of all instructions is 
presented in full in (26). 
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tried to put him at ease by introducing him to 
E>, by showing him around the laboratory, and 
by giving him a brief explanation of the equip 
ment and shielded cage necessary for recording 
muscular activity. 

As soon as S appeared to be somewhat at case, 
E, instructed him to relax in the chair located in 
the shielded cage. As she attached the electrode, 
E, reiterated that it was impossible for S to 
receive a shock from the apparatus. When £, 
finished the introductory relaxation instructions, 
Ey entered the shielded cage and remained with 
S throughout the rest of the procedure. £,; ran 
the recording equipment in the adjacent room 

When S had reached a resting level of 10 
or below, Ey gave the appropriate experimental 
instructions which were followed by the practice 
problems. He then presented the experimental 
problems one at a time by placing the problem 
card on a stand which had been previously ad 
justed to S’s reading eye level. Each response 
was timed with a stop watch from the moment of 
exposure of the card to the time S closed his 
eyes as a signal that he had solved the problem 
Ey then requested and recorded Ss verbal solu 
tion. Because was audible in th 
recording room, F, could coordinate recording 
procedures with experimental procedures.* 

Recording procedure.—A standard series of 
photographic records of the oscilloscope tracings 
was made for each S. This sequence was as 
follows: (a) Initial and final calibration record 
ings of the 10gv input of the oscillator and micro 
volter were taken for approximately 1 sec. 
They were taken at the beginning and end of 
each S’s session to control gain of the amplifier. 
(b) Two initial resting-level records of ap- 
proximately 1} sec. each and 30 sec. apart were 
taken after S’s tension had dropped to or below 
10v. (c) Instructions-level records were taken 
for 3 sec. following the onset of instructions 
Five seconds later a series of 1}-sec. samples 
were taken every 3 sec. and continued until the 
sample problems were reached in the instructions. 
(d) Work-level records were slightly 
differently for the easy- and hard-problem Ss 
For hard-problem Ss, 14- to 2-sec. samples were 
taken every 5 sec. from exposure of the problem 
and continued either until a solution was given 
or @& sec. had elapsed. Since easy-problem Ss 
could often solve the problems in less than 5 se« 
the first 3 to 5 sec. of their work time was con 


Ey's voice 


timed 


* At the end of the session, each S was in- 
formed of the true nature of the experiment and 
asked not to discuss it with others until after a 


given date. Care was taken to assure the ego- 
oriented Ss that the tasks were part of an un- 
standardized test and could tell little concerning 
their ability. 
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tinuously recorded. After this, 1}- to 2-sec. 
samples were taken in the same way as for 
hard-problem Ss. (¢) Between-problem rest- 
level records were taken with the same duration 
and spacing as those for initial rest. Immedi- 
ately after S had given his solution to a problem 
he was requested to relax. Recordings were 
made as soon as the MAP level reached ap- 
proximately 10uv. For Ss whose MAP did not 
drop this low, records were begun at the end of 
3 min. of rest. 

Measurement.—MAP records were projected 
against a cardboard scale marked off in centi- 
meter distances. ‘The projector wz .djusted so 
that the peak-to-peak distances of the l0yuv 
calibration records covered 10 cm. on the screen. 
The widest peak-to-peak distance in each frame 
of film was then measured in centimeters and 
directly recorded in microvolts. Average work 
measures were obtained for S by totaling all 
frames of his five work periods and dividing by 
the total number of measures made. A similar 
procedure was employed tor the initial rest 
levels, instruction period levels, and the between- 
problem rest levels. 

Average time per problem was calculated for 
each S by totaling his working time and dividing 
by five. Accuracy scores were simply the total 
number of completely correct solutions. 


RESULTS 


Muscle potentials.—Means and SD’s 
of all the MAP measures are presented 
in Table 1. The experimental design 
required that the four groups of Ss 
be homogeneous with respect to the 
initial, criterion, restlevel. Bartlett's 
test for homogeneity of variance gave 
a chi square of 3.67 uncorrected for 
size of sample. Since the correction 
would have increased further the ob- 
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tained P value of > .20, the null hy- 
pothesis was accepted and these rest 
measures were assumed to be homo- 
geneous. An analysis of variance of 
these data produced no F ratios 
significant at the .05 level or above. 
The four experimental groups of Ss 
were, therefore, considered equivalent 
in meeting the initial rest-level cri- 
terion. 

MAP’s taken during instructions, 
between-problem rest, and during 
work all showed an increase over 
initial rest measures. These increases 
in response under experimental condi- 
tions for individual Ss were correlated 
with individual initial rest measures. 
Moreover, the degree of correlation 
varied from one set of experimental 
conditions to another despite the 
established homogeneity of the initial 
rest-level criterion. For each of the 
three sets of MAP measurements, the 
chi square for homogeneity of r showed 
heterogeneity significant beyond the 
02 level. 

To rid the various experimental 
measures of the correlation with 
initial rest, the r for each cell condition 
with criterion rest was determined. 
Then, for each raw score, the ap- 
propriate b weights were used to 
obtain predicted scores. Finally, by 
subtracting the predicted from the 
obtained scores, final adjusted scores 
were computed for each S. These 


TABLE 1 


Means ann SD’s of MAP Cuances tn Microvo.ts 











Initial Rest 
(Criterion) 


During 


Experimental 
Group 


Instructions 


Between-Problem 
Rest Problems 





Mean 


6.25 
4.61 
4.86 
8.27 


E-E 
E-H 
T-E 
T-H 











Mean SD 
8.01 

5.08 
5.37 
7.62 


10.08 
5.58 
5.87 
9.04 
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scores represented the effects of the 
experimental conditions with individ- 
ual differences in initial resting level 
removed. Analysis of variance of 
these adjusted scores for instructions 
and for between-problem rest yielded 
no significant F ratios. Any apparent 
differences in the unadjusted, raw 
MAP’s could be attributed to indi- 
vidual differences in initial rest level. 

The work-level MAP’s for subclass 
conditions were found to contain 
heterogeneous error variance even 
after adjustment was made for initial 
rest differences. Bartlett’s test gave 
a chi square of 29.03, significant be- 
yond the .O1 level. A cube-root 
transformation of the adjusted scores 
provided the homogeneity required 
for use of analysis of variance. Chi 
square (corrected for sample size) was 
then reduced to 4.83 (P > .10). 

The results of the analysis of vari- 
ance of the transformed adjusted work 
level scores are presented in Table 2. 
The F ratio for difficulty is significant 
beyond the .Ol level. The interaction 
D X I is significant beyond the .001 
level. The instructions variable, 
however, not only had an F ratio of 
zero, but led to a reversal, significant 
at the .05 level, with the mean-square 
value for instructions as the de- 
nominator of the F ratio. However, 
since adequate sampling and design 
precautions were taken, this is inter- 


TABLE 2 


Awatysis or Variance or Cune-Roor Work 
MAP’s with Inirriat Rest Levers Removep 


Source | df —_ 
Difficulty 1 
Instructions l 
DxI 1 
Error 32 
Total 35 


001 
1.6921 
ODA 


- | 
— 


* Four degrees of freedom were lost in removing 
correlated rest measures. N = 40. 
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TABLE 3 


Anatysis or Vaniance or Mean Time (in 
Seconps) per Prostem Duaine Soiution 


Mean 


Source Square 


Difficulty 
Instructions 
Dx! 
Error 

Total 


8928.01 
344.57 
WO) 
59.58 








* Significant at 5° level. 
** Significant at .1°) level 


preted in accord with Edwards’ views 
as being one of the “occasionally 
significant values which are to be ex- 
pected in random sampling” (11, p. 
228). 

Verbal responses.—Number of cor- 
rect problems solved showed differ- 
ences only between levels of difficulty. 
The totals for the four groups were as 
follows: E-E, 24; T-E, 26; E-H, 4; 
and T-H, 2. No further analysis of 
the accuracy data was made since the 
raw scores indicated no possible effect 
of the instructions variable. 

Although the working time on the 
problems was artificially curtailed by 
the 60-sec. time limit, there never- 
theless appeared to be differences in 
time scores among the groups. The 
mean time in seconds for each of the 
four groups was: E-EF, 21.60; E-H, 
48.56; T-E, 12.72; T-H, 45.70. Bart- 
lett’s test gave an uncorrected chi 
square of 4.93 (P > .10) indicating 
homogeneity of error variance. An 
analysis of variance (See Table 3) was 
therefore carried out. 


Discussion 


It had been expected that during the 
instruction period proper the ego-orient- 
ing instructions would serve to arouse Ss 
more than the task-orienting instruc- 
tions. Such an anticipation followed 
from the observations made by other 
investigators (2, 3, 19) that ego-orienting 
instructions of the kind used in this 
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experiment seem to arouse a certain 
amount of anxiety. The present finding 
shows, however, that the two different 
kinds of instructions do not produce im- 
mediate differential changes in MAP 
solely as a function of being presented 
to §. The fact that work on problems 
following the instructions showed such 
effects in the interaction suggests that the 
differential effectiveness of these kinds of 
instructions on MAP does not appear 
until § is actually engaged in working 
on a task. 

An examination of the nature of the 
interaction by comparing the means in 
the fourth column of Table 1, shows that 
the hypothesis of the experiment was 
substantiated. Ego-oriented Ss do re- 
spond differently from task-oriented Ss 
if the level of difficulty of the task is 
taken into account. 

Previous studies by Hadley (14) and 
Shaw and Kline (28) have shown that 
increases in difficulty of problems are 
accompanied by increases in MAP. On 


the basis of these findings, these writers 
concur with Davis (9, 10) in considering 
the tension changes as an index of mental 


effort. If it can be assumed that these 
investigators employed traditional, task- 
orienting instructions,‘ then the findings 
of the present study are in essential 
agreement. Task-oriented Ss exhibited 
higher MAP levels (and thus presumably 
more effort) on hard problems than they 
did on easy ones. 

With ego-oriented Ss, however, this 
relationship was reversed. These Ss 
worked harder on the easy problems. 
Since both task- and ego-oriented Ss 
were given the same problems, the differ- 
ence between these groups must lie in the 
effects of the instructions. There are no 
available studies in which MAP differ- 


*Only Shaw and Kline (28) give the exact 
wording with which their tasks were presented 
to S. Davis (9) describes his instructions, but 
does not give the exact wording. Both of these 
sets of instructions appear to the writer to be 
primarily task-orienting. Although Hadley (14) 
gives no description of his instructions, his 
procedural approach as well as the outcome of 
his experimental findings suggest that he, too, 
primarily task-oriented his Ss. 
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ences are systematically related to differ- 
ences in instructions of the kind em- 
ployed here. Hence an understanding 
of the findings must be sought in terms 
of their relationship to the results ob- 
tained in related fields of investigation. 

From the standpoint of studies of level 
of aspiration (22), task-oriented Ss could 
be expected to work as hard as the 
problems demanded with minimal suc- 
cess-failure effects attached to their 
performance. In comparison, ego- 
oriented Ss could be expected to display 
considerable effort on easy problems in 
order to make very certain that the 
induced goal of avoiding failure is 
achieved. Similar behavior was ob- 
served by Davis (9) and Clites (6). For 
difficult problems, ego-oriented Ss might 
very well refuse to set a performance 
goal or adopt a private substitute goal— 
a reaction which would serve by default 
as a protection against failure (5, 16, 20, 
22). In the latter instance, an index 
of mental effort should be low. This 
explanation is supported by the ‘“‘criss- 
cross”’ interaction represented by the 
work-level means contained in Table 1. 

Also applicable is Goldstein’s ‘‘catas- 
trophic reaction” hypothesis (13), es- 
pecially in the case of reduced MAP 
levels for E-H Ss. For difficult prob- 
lems, Ss could have regarded their 
inability to derive a solution as a personal 
defect and thereupon attempted to 
“withdraw” psychologically from the 
situation. 

The fact that accuracy scores, as com- 
pared to MAP indices and time scores, 
were relatively insensitive measures of 
problem-solving activity confirms an 
earlier finding by Davis (9) and a more 
recent one by Adamson (1). Because of 
the 60-sec. time limit imposed for prac- 
tical reasons on Ss’ working time, time- 
score differences were not fully analy- 
zable. Nonetheless, the trends present 
in these data were consistent with the 
interpretation of the MAP measures. 
The longer time scores for E-E Ss could 
reflect deliberation to make very certain 
that a solution is accurate. In the case 
of the E-H Ss, increased time would 
probably represent deliberation before 
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deciding to “give up.” Longer time 


measures for ego-oriented Ss would then 
support either a level of aspiration or 
Goldstein’s hypothesis. 


SUMMARY 


To test the hypothesis that ego-instructed Ss 
would have different MAP changes during 
problem solving than task-instructed Ss if 
problem difficulty were controlled, 40 Ss (equated 
for intelligence) were assigned 10 to each group 
of conditions in a two-by-two factorial design. 
The Ss were given either five easy or five 
difficult problems in number progressions under 
either task- or ego-orienting instructions. 
MAP’s were photographically recorded during 
initial (criterion 1Ouv or less) rest, administration 
of instructions, problem solution (work), and 
between-problem rest. 

1. During the instructions period proper and 
during between-problem rest, no significant 
change of MAP over initial resting level was 
found. 

2. The variance of transformed work-level 
scores, adjusted for correlation with rest level, 
was analyzed. Problem difficulty and the in 
structions-by-difficulty interaction had F ratios 
significant at the .01 and .001 levels, respectively. 

3. The adjusted work MAP changes of the 
task-oriented Ss confirmed earlier findings of 
Shaw and Kline (28) and Davis (9). The MAP 
changes of both the ego- and task-oriented Ss are 
interpreted as being in agreement with both a 
level-of-aspiration hypothesis and with Gold- 
stein’s (13) “catastrophic reaction” hypothesis. 

4. Time to solution of the problems tenta 
tively supports either hypothesis, but accuracy 
scores showed only differences in difficulty of the 
problems. It was concluded that tension in- 
crease during problem solution was a function of 
the combined effect of the type of instructions 
and the difficulty of the problems used. 


REFERENCES 


. Apamson, R. E. Functional fixedness as 
related to problem solving: a repetition 
of three experiments. J. exp. Psychol, 
1952, 44, 288-291. 

. Attport, G. W. The ego in contemporary 
psychology. Psychol. Rev., 1943, 50, 451- 
478. 

. Atper, T. G. Task-orientation vs. ego- 
orientation in learning and retention. 
Amer. |. Psychol., V946, $9, 236-248 

. Acper, T. G. ‘Task-orientation and ego- 
orientation as factors in reminiscence. 


J. exp. Prychol., 1948, 38, 224-238, 


POTENTIALS 147 


. Avrer, T. G., & Brack, A. The effects of 
instruction, task and population-sample 
on mental set. Amer. J. Prychol., 1949, 
62, 295-299. 

. Curres, M.S. Certain somatic activities in 
relation to successful and unsuccessful 
problem solving: III. Relation of action 
potentials and muscular movements and 
tensions to successful and unsuccessful 
problem solving. J. exp. Psrychol., 1936, 
19, 172-192. 

. Covers, F. A. Relationships between ex 
perimentally induced muscular tension 
and memorization. J. exp. Prychol., 
1939, 25, 235-256. 

. Davis, R. C. The relations of certain 
muscle action potentials to “mental 
work.” IJndiana Unie. Publ. Sei. Ser., 
1937, No. 5. 

. Davis, R. C. Patterns of muscular activity 
during “mental work” and their con- 
stancy. J. exp. Prychol., 1939, 24, 451 
465. 

. Davis, R. C. Set and muscular tension. 
Indiana Univ. Publ. Sci. Ser., 1940, No. 
10. 

. Epwarps, A. L. Experimental design in 
psychological research. New York: Rine 
hart, 1950. 

. Faeeman, G. L. Changes in tonus during 
completed and interrupted mental work 
J. gen. Psychol., 1930, 4, 309-334 

. Goipstemn, K. The organism—a holistic 
approach lo biology New York 
can Book, 1939 

. Hapwey, 3 M Relationships between 
electric signs of central and peripheral 
activity during “mental work.” J. exp 
Psychol., 1941, 28, 53-62 

. Hott, R. R. Effects of ego-involvement 
upon levels of aspiration. Psychiatry, 
1945, 8, 299-317 

. Hort, R. R. 
or defense. 
398-416. 

. Hunt, J. McV. Psychological loss in 
paretics and schizophrenics. Amer. J 
Psychol., 1935, 47, 458-463 

. Jaconson, FE. The electrophysiology of 
mental activities. Amer. J. Prychol., 
1932, 44, 677-694 

. Kiem, G. S., & Scnoenrerv, N. The 
influence of ego involvement on con 
fidence. J. abnorm. soc. Prychol., VAL, 
36, 249-258. 

Lewis, H. B., & Franxiin, M. An experi 
mental study of the role of the ego in 
work: II. The significance of task 
orientation in work. J. exp. Prychol., 


1944, 34, 195-215, 


Ameri 


Levels of aspiration, ambition 


J. (xp. Prychol., 1946, 36, 





MARY E. 


. Lewin, K. Principles of topological psy- 
chology. New York: McGraw-Hill, 1936. 

. Lewin, K., Dempo, T., Festincer, L., & 
Sears, P. Level of aspiration. In J. 
McV. Hunt (Ed.), Personality and the 
behavior disorders. Vol. 1. New York: 
Ronald, 1944. Pp. 333-378. 

. Marrow, A. J. Goal tensions and recall. 
J. gen. Psychol., 1938, 19, 301-344. 

. Max, L. W. An experimental study of the 
motor theory of consciousness. IV. Ac- 
tion current responses during awakening, 
kinaesthetic imagery and abstract think- 
ing. J.comp. Psychol., 1937, 24, 301-344. 

. Oster, S. F. Intellectual performance as a 
function of two types of psychological 
stress. J. exp. Psychol., 1954, 47, 115- 
121. 

. Revver, M. E. The relationship between 
two kinds of instruction and two levels 
of problem difficulty in their effects on 
muscular tension levels during problem 


REUDER 


solution. Unpublished doctoral disserta- 
tion, Univ. of Pennsylvania, 1951. 

. Suaw, W. A. The relation of muscular 
action potentials to imaginal weight 
lifting. Arch. Psychol., 1940, No. 247. 

. Suaw, W. A., & Kune, L. H. A study of 
muscle action potentials during attempted 
solution by children of problems of in- 
creasing difficulty. J. exp. Psychol., 
1947, 37, 146-158. 

. Smita, A. A. An electromyographic study 
of tension in interrupted and completed 
tasks. /. exp. Psychol., 1953, 46, 32-36. 

. Sraurracner, J.C. The effect of induced 
muscular tension upon various phases of 
the learning process. J. exp. Psychol., 
1937, 21, 26-46. 

. Watten, R. Ego involvement as a de- 
terminant of selective forgetting. /. ab- 
norm. soc. Psychol., 1942, 37, 20-39. 


(Received March 7, 1955) 





Journal of Experimental Psychology 
Vol. 51, No. 2, 1956 


RETROACTIVE INHIBITION AS A FUNCTION OF 
THE TEMPORAL POSITION OF THE 
INTERPOLATED LEARNING! 


JOHN M. NEWTON AND DELOS D. WICKENS 


The Ohio State University 


All major theories of forgetting pre- 
dict that the time relationship between 
original learning and_ interpolated 
learning will have some effect on the 
magnitude or retroactive inhibition 
(RI). For example, the persevera- 
tion theory of Muller and Pilzecker 
(S, pp. 432-437) predicts that tem- 
poral nearness of the interpolated 
learning (IL) to original learning 
(OL) should produce a decrement in 
retention. Likewise, because of for- 
getting of OL, the response strength 
of IL should be most equal to that of 
OL when the two occur close together 
in time. Thus a competition-of-re- 
sponse theory would also predict that 


this situation would yield the most 


RI (5, pp. 437-443). <A two-factor 
theory, on the other hand, would 
state that in addition to response 
competition there is “unlearning” in- 
volved which accounts for much RI. 
Following Underwood’s interpreta- 
tion, this may be thought of as ex- 
tinction of OL (5, pp. 444-447). It 
would thus be predicted that retention 
would be best when there is time 
enough after IL for recovery of OL 
to occur. 

The evidence to date has been con- 
tradictory. It has been adequately 
summarized by McGeoch and Irion 
(5, p. 427) as follows: “The relation- 
ship between point of interpolation, 
length of interval, and other variables 
of this type of experimentation have 


1 Experiment I in this paper is based on a 
thesis submitted by the first author in partial 
fulfillment of the requirements for the M.A. 
degree at The Ohio State University, 1952. 


not been sufficiently worked out to 
permit any generalized statement con- 
cerning point of interpolation.” 

In a recent paper, Archer and Un- 
derwood (1) also conclude that the 
relationship of the temporal point of 
IL to RI is still indeterminate. These 
Es systematically varied both point 
of interpolation and degree of IL in 
order to test for interaction between 
the two. While the degree of IL was 
found to be a significant variable, 
neither temporal point of IL nor the 
interaction had a significant effect on 
RI. There is, however, one possible 
variable that was not controlled in 
this experiment, and that might con- 
tribute to the experimental results. 
This is the phenomenon of “warm-up.” 

Irion (2) and Irion and Wham (3) 
have demonstrated that retention of 
verbal materials is facilitated by 
warm-up just previous to recall. 
Furthermore, Thune (6) has shown 
that paired-associate learning is about 
equally facilitated by both color guess- 
ing and paired-associate learning prac- 
tice. The presentation of the IL just 
before the recall session can be thought 
of not only as a source of interference 
but also as a form of warm-up for that 
recall session. The groups whose IL 
precede recall by longer periods of 
time do not have this warm-up just 
before recall (though they do have the 
interference) and their performance 
may be depressed because of its lack. 

Still another explanation of the 
Archer and Underwood results might 
lie in the high degree of RI that was 
intrinsic to their design. This was 


149 





150 


obtained by making the lists of the 
SiR, SiR: pattern, i.e., the inter- 
polated list differed from OL only in 
the response words. While this has 
the advantage of making for neat 
interpretations in terms of either 
competition of responses or extinction 
of OL responses, it seems possible that 
the design may produce such large 
amounts of interference for all groups 
that it masks the interference which 
might be contributed by a variable 
of lesser significance. 

This paper will present three ex- 
periments. ‘These have been designed 
so as to duplicate as much as possible 
that part of the Archer and Under- 
wood experiment which dealt with 
temporal point of IL, and thus to 
make results comparable. In Exp. 


I, the effect of introducing warm-up 
before recall on the variable of tem- 
poral point of IL is investigated. In 
Exp. II and III the effect of using 
relatively dissimilar material in IL 
is investigated in respect to the same 


variable. 
Metnop 


Equipment.—Two lists of 10 two-syllable ad- 
jectives were learned by each S. Experiments 
I and II differed from each other only in the 
materials used in IL. In Exp. I both lists were 
the same as those used by Archer and Under- 
wood (1). These adjectives were selected origi- 
nally on the basis of rules listed by Thune and 
Underwood (7) and follow the S;—R,, S:—R, 
design. In Exp. I], one of the Archer and 
Underwood lists was retained and the second 
was modified so as to make both the stimulus 
and the response word different from those of the 
first list. Experiment II] was essentially the 
same as Exp. II, except for a slightly different 
treatment of the IL task. 

All lists were typed on white glazed-cloth tape 
and presented in a Patterson S-PA Memory 
Drum, Model 1-A. Each stimulus word was 
presented alone for 2 sec., and with the response 
word for 2 sec. ‘To discourage any serial effects, 
the lists were presented in three orders. The 
orders used by Archer and Underwood were fol- 
lowed, except for the modified list, in which case 
a sequence parallel to theirs was used. After 
each trial (one presentation of 10 pairs of words), 
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there was an 8-sec. rest interval. The Ss were 
run in a semi-soundproof booth and all distrac- 
tions were minimized, 

Subjects.—The Ss were 180 students (@ in 
each experiment) enrolled in elementary psy- 
chology courses at The Ohio State University. 
All Ss were volunteers for the experiment. but 
were serving to fulfill course requirements. No 
Ss had previous experience with a memory drum. 
Forty-one of the Ss were male and 139 female. 
Subjects of each sex were about equally divided 
among groups. 

Procedure.—The usual RI design of learn List 
A, learn List B, test for retention of List A was 
used in all experiments. ‘The first list was al- 
ways learned to a criterion of one perfect recita- 
tion and was relearned 48 hr. later to the same 
criterion. In Exp. I and II the second list was 
learned to the same criterion at one of three time 
intervals after OL. These intervals were 0, 24, 
and 48 hr., respectively. About 1 min. elapsed 
between the two lists under the O0-hr. and the 
48-hr. conditions. Experiment III employed 
the same intervals, but all Ss were given 10 pres- 
entations of the IL list rather than learning it to 
a criterion. 

In all experiments the 0- and 24-hr. groups 
were given warm-up trials immediately prior to 
relearning OL. The warm-up list was made up 
of paired numbers such that the response word 
was always the number which was one greater 
than the stimulus word, The numbers were 
written as words on the tape rather than printed 
as arabic numerals, The stimulus numbers ran 
from 1 to 10 and were randomly arranged. 
Three orders of arrangements were used. The 
list was presented in the same manner as the lists 
of adjectives and each S was given three trials 
of 10 pairs each. The Ss were informed before- 
hand as to the method of pairing the numbers, 
and in no case did an S make any errors on the 
warm-up task. It was felt by £ that this gave 
ample warm-up with a minimum of extraneous 
learning. No warm-up was given to the 48-hr. 
group, since for this group the IL should act as a 
warm-up task. In addition, Ss in the 24- and 
48-hr. IL groups of Exp. III were given six trials 
of this same warm-up task just previous to IL. 
To counterbalance any possible differential 
difficulty effects of the two lists, one list was 
used as the OL for half the Ss and as the IL for 
the other half. 

All Ss received standard instructions for 
paired-associate learning. In Exp. I, Ss were 
told of the relationship between OL and IL lists 
just previous to IL. In Exp. II and III, they 
were specifically told that there was no relation- 
ship whatsoever between the lists. Before re- 
learning, effort was made to create a “set” to 
recall the first list by such methods as going over 
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the original instructions, etc. The Ss were also 
requested not to rehearse either of the lists, and 
were not informed of the nature of the experi 
ment previous to completing it. 

The relationship of the stimulus and response 
units for OL and IL in the two experiments is as 
follows : 


Exp. I (OL) SiR; (IL) Si—R, 
Exp. II and III (OL) S$:—R,; (IL) Se—R, 


Resu.ts 

Original learning.—In each experi- 
ment a statistical check was run to 
indicate whether Ss in each of the six 
groups (three experimental conditions 
and two orders of presentation of the 
lists) were equal in initial learning 
ability, as indicated by the number 
of trials to learn the first list. In all 
three cases, Bartlett’s test indicated 
that homogeneity of variance could 
safely be assumed. The total vari- 
ance in each experiment was then 
analyzed. The F ratio was not sig- 
nificant at the .05 level of confidence 
in any case. Hence, we may assume 
that the groups in each study were 
reasonably equal in learning ability 
and that the lists used were of about 
the same difficulty. 

As has been previously mentioned, 
the lists used in these experiments were 
the same as these of Archer and Un- 
derwood with the exception of one 
list in Exp. II and III. They were 
designed to be of equal difficulty, and 
this was borne out in the Archer and 
Underwood study. As a_ further 
check, however, in each condition of 
beth experiments the lists were used 
equaliy often as OL and IL. The 
effect of order of presentation was 
then included in the analysis of vari- 
ance done in each experiment for the 
two indices of RI used. In no case 
did this turn out to be a significant 
variable, which upholds Archer and 
Underwood’s findings. 

Table | presents a general summary 
of the experiments in terms of mean 
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TABLE 1 


Mean Scores ror 
EXxPerimMents 


| 


Trials | Trials 
| for OL | for IL 


Trials to 


Interval 
OL-AIL Relearn 


Experiment 


23.00 | 
| 23.70 | 
23.05 


17.75 
20.75 | 
19.35 | 


Experiment Il 


20.00 
20.00 
23.30 


| 10.15 
16.10 
21.20 | 


Experiment III 


19,20 


0 hr. 
17.75 | 


24 hr. 


48 hr. 18.60 


Control 21.70 
| 


o 


scores for all groups in all sessions 
In view of the fact that no significant 
difference was found among the lists, 
the results for all lists have been com- 
bined. The table also includes the 
results of a control group of 10 Ss in 
which no interpolated learning was 
given, and it permits some judgment 
to be made on the absolute amount of 
RI that the experimental procedures 
generated. 

Relearning.—The total variance of 
the relearning scores was analyzed for 
Exp.IT and II. The F ratios obtained 
were 1.28 and 1.68, respectively, 
neither of which is statistically sig- 
nificant. According to Bartlett’s test, 
tLe assumption of homogeneity of 
variance was not met for these scores 
in the third experiment. In view of 
the fact that relearning had not proved 
a satisfactory indicator of differences 
in RI previously, and since inspection 
of the means would indicate little 
likelihood of there being any signifi- 
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TABLE 2 


Anacysis or Variance ror Recaty 
Scores: Exe. Il anv III 


ment JI ment III 





Mean 
Square 


Mean 
Square 

Between orders of 
presentation 2.82 

Between treat- 


ments 
Order X treat- 

ment 0.86 
Within groups 3.52 
Total ‘ 


5.40 


34.40 26.60 

















*P <M, 


cant differences, no further statistical 
treatment was attempted. 
Recall.—The recall scores of the 
groups within each of the three ex- 
periments were compared by means of 
analysis of variance after Bartlett's 
test showed, in each case, that the 
assumption of homogeneity of vari- 
ance was met. In Exp. I, an over-all 
F test yielded a ratio of 1.43 which is 
not significant at the .05 level of con- 
fidence. In Exp. II, a double classi- 
fication analysis was done to test the 
effects of the two orders of presenta- 
tion and the three experimental condi- 
tions. This is presented in Table 2. 
The within-groups variance proves to 
be the correct error term. The F 
ratio for experimental treatment 
(temporal points of IL) is significant 
beyond the .O1 level. Order of pres- 
entation does not prove to be an im- 
portant variable, as would be pre- 
dicted on the basis of the way that 
the lists were chosen. Since this was 
the case, the two orders were com- 
bined for each of the three treatments. 
This yielded three groups, each with 
an N of 20. Differences between the 
means of these groups were then 
tested by means of t. Comparisons 
between the 48-hr. group and the 0- 
or 24-hr. groups produced t’s of 4.44 
and 2.88, respectively. In both cases 


the P values are less than .01. The 
difference between the 0- and 24-hr. 
groups produced a t of 1.62, which is 
not significant at the .05 level. The 
48-hr. group has clearly poorer reten- 
tion on recall scores than do the 0- or 
24-hr. groups. 

The scores of Exp. III were ana- 
lyzed in the same manner as those of 
Exp. Il. The analysis of variance is 
presented in Table 3. As in Exp. II, 
the F ratio for experimental treatment 
is significant beyond the .O1 level, and 
order of presentation is not important. 
Again as in Exp. II the two orders 
were combined for the three treat- 
ments and differences were tested by 
means of t. Differences between the 
means of all three groups are signifi- 
cant beyond the .01 level of signifi- 
cance. Between the O0-hr. group and 
the 24- and 48-hr. groups the t’s are 
5.87 and 12.42, respectively. Be- 
tween the 24- and 48-hr. groups, ¢ is 
equal to 7.08. 

Intrusions.—In their study, Archer 
and Underwood also considered overt 
intrusions at recall as a possible index 
of RI. They define these as “the 
giving of a second-list response in 
place of a first-list response when S is 
trying to recall the first of the two 
lists” (1, p. 286). Following their 
example in this respect, the number 
of intrusions were tallied for each of 
the three conditions in Exp. 1. These 
are as follows: O-hr. IL, 13 intrusions; 
24-hr. IL, 16 intrusions; and 48-hr. 
IL, 2 intrusions. These frequencies 
exhibit essentially the same trend as 
those obtained by Archer and Under- 
wood, but are numerically much fewer 
than they report. Because of the low 
frequencies and questionable reliabil- 
ity of these data, no statistical treat- 
ment was attempted. 

No intrusions at all from the inter- 
polated list occurred during the re- 
learning trials of Exp. II and III. 
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This is not surprising in view of the 
fact that the OL and IL were com- 
pletely different in both stimulus and 
response words. 


Discussion 


The results of the Archer and Under- 
wood experiment and our Exp. I (which, 
with the exception of our use of a 
warm-up task, was a repetition of theirs 
with twice the number of Ss in the 
separate groups) are in complete accord 
in finding no relationship between tem- 
poral point of interpolation and degree of 
RI. 

The results of Exp. II and III, how- 
ever, suggest that this conclusion may be 
limited to the type of interlist relation- 
ship employed in Exp. I, namely, an 
S:i—R,; S:—R,; relationship. This is a 
relationship which is designed to produce 
a maximum amount of RI, and the in- 
tensity of this condition may obscure the 
RI which can arise from a variable of 
lesser importance—as the temporal vari- 
able may well be. 

In Exp. II and III, a positive relation- 
ship between temporal point of inter- 
polation and RI was found. The direc- 
tion of this relationship is, however, just 
the opposite of that which would be pre- 
dicted by a perseveration theory. Al- 
though we have no positive evidence that 
our warm-up task did facilitate ability to 
recall, if we assume that it does do so 
from the work of Irion (2), and Irion and 
Wham (3), it is worth noting that a fail- 
ure to include this procedure might pro- 
duce results which spuriously favor the 
perseveration theory. It is possible 
also that in the present experiments the 
performance of the 0- and 24-hr. groups 
could have been depressed if no warm-up 
had been given, and the inferiority of 
the 48-br. group might have been con- 
cealed. 

We do not feel that at the present time 
it is possible to offer any clear theoretical 
formulation for the results obtained in 
Exp. II and III. Because of the fact 
that our interlist relationship was an 
S,-—R,; Sx—R; relationship it is not easy 
to fit the finding into the two-factor 
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theory. This does not deny the possi- 
bility that unlearning and response com- 
petition may have operated despite stim- 
ulus and response dissimilarity. They 
may have done so to a minor degree 
through the mechanisms of stimulus and 
response generalization, but in ways that 
are too obscure to be easily identified. 
Apropos, it should be recalled that no 
intrusion occurred in Exp. II or III. 
There is a possibility that the results 
may have arisen from a more generalized 
form of competition than is usually un 
derstood by the competition-of-response 
theory. Ordinarily one thinks of com- 
petition of response in reference to a 
particular stimulus. It is possible, how- 
ever, that Ss may acquire a tendency to 
give a certain class of responses in addi- 
tion to giving specific responses to specific 
stimuli. The class of response referred 
to would be, of course, any of the re- 
sponses employed in a given list. This 


generalized tendency—a kind of set 

would be strongest for the 48-hr. group 
since it must make its recall of the R, 
class immediately after the learning of 


the R» class. Hence their recall scores 
might be depressed. Further work is 
now in progress testing this hypothesis. 
One possible artifactitious type of ex- 
planation may be found in the data of 
Exp. II. Here the mean number of trials 
required to learn the interpolated list is 
greatest for the 48-hr. group, and Archer 
and Underwood had found that the 
amount of RI is positively related to the 
degree of IL. Thus on the basis of their 
experiment it might be argued that the 
inferiority in recall of the 48-hr. group 
arose from the large number of trials that 
this group required in IL. The argu- 
ment, however, is not strictly justified, 
for the variable with which they worked 
was the degree of learning, and this was 
controlled in Exp. II, for all groups 
learned to the identical criterion, though 
the number of trials required to achieve 
this criterion varied among the groups. 
As an additional control, Exp. II] was 
run. It will be recalled that this differed 
from Experiment IT in that all Ss received 
10 trials on the IL list. The results of 
the two studies were identical. If any 
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thing, the latter was more conclusive. 
It is worthy of note, however, that the 
same relationship between time of inter- 
polation and speed of learning was found 
in both experiments. As an indication 
of this, the mean number of correct re- 
sponses on the tenth IL trial was com- 
puted for each group. For Groups 0, 
24, and 48, these turn out to be 8.7, 7.1, 
and 6.9, respectively. The ¢ test shows 
that Group 0 differs from the other two 
beyond the .01 level of confidence, al- 
though no significance is shown for the 
difference between Groups 24 and 48. 
Here we have the rather amazing situa- 
tion of greater RI associated with lower 
degrees of interpolated learning. These 
differences in degree of IL might be at- 
tributable to differential warm-up, but 
the likelihood of this is diminished by the 
fact that a rather extensive warm-up 
task was provided for Groups 24 and 48 
previous toIL. Of course, the warm-up 
of learning an actual list might be far 
superior to the artificial warm-up pro- 
vided Groups 24 and 48. It this were so, 
however, one would expect that the re- 
learning trials for Group 48 would be 


materially less than for the other groups. 
The findings of Exp. II and III seem to 
be confirmed by a similar study by 


Maeda (4). Although in this latter 
experiment much shorter time intervals 
between OL and IL were used, essen- 
tially the same results were obtained. It 
is difficult to determine the exact nature 
of the learning materials from the pub- 
lished account of this study, but OL and 
IL were dissimilar verbal tasks. 


SUMMARY 


Three experiments were conducted to investi- 
gate the relationship between degree of retro- 
active inhibition and point of interpolation of the 
interfering materials. 
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A 10-unit list of paired-associate adjectives 
was learned to a criterion of one perfect repro- 
duction. In Exp. I and II an interpolated list 
of the same type was learned to the same cri- 
terion 0, 24, or 48 hr. afterwards. In Exp. III 
the same intervals were used, but each S was 
given 10 trials on the IL list, rather than learning 
it to a criterion. Recall occurred 48 hr. after 
the original learning. The 0- and 24-hr. groups 
were given a warm-up task before recall. In 
Exp. I the relationship between the two lists 
was Si;—Ri; Si—Ryz. In Exp. II and III the 
relationship was S;—R,; S:—Rz. 

No relationship between point of interpolation 
and magnitude of RI was found in Exp. I. In 
Exp. II and III such a relationship was found, 
with the 48-hr. group showing significantly more 
RI than either of the others. The findings were 
significant for recall but not for relearning scores. 
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INTERPOLATED ACQUISITION AND EXTINCTION 


OF 
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Spontaneous recovery is said to oc- 
cur if the following sequence of be- 
havior events can be demonstrated: 
(a) the acquisition of an S-R associa- 
tion, (b) some degree of its experimen- 
tal extinction, (c) an interval during 
which the nominal CS is not pre- 
sented, and (d) recurrence of the CS, 
with reinstatement of the originally 
associated response at greater strength 
than at the conclusion of the extinc- 
tion phase (6). Experimental investi- 
gation of spontaneous recovery can be 
directed at any phase of this cycle. 
In this study the interval (c) between 
extinction and the test of spontaneous 
recovery was the focus of interest. 
Specifically, if responses x and y are 
learned and x is partly extinguished, 
what are the relative effects on spon- 
taneous recovery of x of each of the 
following interpolated conditions: ex- 
tinction trials on y, additional acquisi- 
tion trials on y, and a comparable time 
interval involving neither acquisition 
nor extinction trials on x or y? 

Liberman (5) performed two pioneer 
experiments which fit the foregoing 
paradigm. In both experiments the 
recovery of the galvanic skin re- 
sponse (GSR), conditioned to a tone, 


' This paper is based on a portion of a disserta- 
tion submitted to the Graduate School of Boston 
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was measured as a function of the 
following activities: additional ac- 
quisition of the conditioned eyelid 
response, extinction of the condi- 
tioned eyelid response, and a compar- 
able period of rest. He points out, 
however, that the GSR on the final 
trials of first extinction was “‘so low in 
magnitude and ambiguous in form” 
that these trials could not provide “a 
meaningful base-line for the calcula- 
tion of spontaneous recovery” (5, 
p. 295). Therefore, in the determina- 
tion of both relative and absolute re- 
covery, Liberman was forced to as- 
sume that the terminal extinction 
levels for all three groups were not 
significantly different. 

The purpose of the present experi- 
ment was to provide data on the re- 
covery of an instrumental response, 
less labile than the GSR, in a design 
similar to that used by Liberman. 
White rats acquired both a bar-press- 
ing and a panel-pushing response 
Between the first and second extinc- 
tion of the bar-pressing response each 
S received one of three different ex- 
perimental treatments: additional ac- 
quisition trials on panel-pushing, ex- 
tinction trials on panel-pushing, and 
a comparable period of rest. 


Metuop 


Subjects.—The 122 experimentally 
naive, male albino rats. Of these 93 were used 
in the main body of the experiment and 29 were 
used in a transfer test of task similarity. All Ss 
were between 70 and 9% days of age at the begin 


ning of training and their average weight was 
176 gm. 


Ss were 
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Fic. 1. Cutaway of the experimental box 
with bar (J) in extended position. The com- 
ponent parts are described in the text. 


Apparatus.—The experimental box of un- 
painted plywood, shown in Fig. 1, was 11 in. 
long, 6 in. wide, and 5 in. high (inside dimen- 
sions). A movable bar (/) and a swinging panel 
(E), both of brass, were located in opposite ends 
of the box and each could be concealed by an 
aluminum shutter (J). The panel, 24 in. by 


14 in., was hinged at the top to'swing freely when 


a light pressure was applied from within the box. 
A }-in. displacement of the panel closed a 
BF2RW-22 Microswitch (spring removed) (G). 
A 6-v, solenoid (C) connected to the panel by a 
rubber cord opened the panel an additional 
I in. disclosing to S a brass food trough (F). 

Through a rectangular aperture 14 in. by 1 
in. in the opposite end wall projected a hollow 
brass prism (J) approximately triangular in 
cross section. The prism was hinged and bal- 
anced so that it normally extended { in. into the 
box. The top surface of the prism in this posi- 
tion formed a small shelf or bar. A 4-gm. pres- 
sure depressed the bar } in., closing a V4-14 
Microswitch. The action of a solenoid (/), 
connected by a linkage to an external projection 
of the prism, completed the rotation of the prism 
so that the flat top surface closed flush with the 
face of the end wall. With the bar fully re- 
tracted S could make no additional bar-pressing 
responses. Food pellets, placed singly in a tube 
by £ prior to each trial, dropped into a small 
brass food cup (K) directly below the bar when 
released by a trigger actuated by the same 
solenoid that retracted the bar. 

Opening either shutter started a Standard 
Electric Timer which was stopped by the opera- 
tion of the bar or panel. The light source was a 
60-w. fluorescent lamp directly over and 8 in. 


above a 44-in. diameter screened window (B) 
cut in door (4) on the top of the box. In addi- 
tion to the experimental box there were three 
boxes for habituation and two for preliminary 
training, all of the same form and materials as 
the experimental box. The two preliminary 
boxes each contained a food cup on one end wall 
supplied through a tube projecting outside the 
box. The reinforcing pellets were tablets of 
Purina Lab Chow weighing .045 gm. with a diam- 
eter and thickness of 4mm. The experimental 
room was darkened and sound dampened and 
internal noise was masked by the hum of an 
exhaust fan. 

Procedure.—A one- to four-day period of ad 
libitum feeding intervened between receipt of Ss 
and the beginning of a 24-hr. feeding schedule. 
Habituation to the schedule extended from Day | 
to Day 5, during which Ss were removed daily 
from the living cages and placed for 14 hr. in 
individual feeding cages, each containing 12 gm. 
of regular Lab Chow. There was unlimited 
access to water. 

Preliminary training, to accustom Ss to eating 
pellets from the food trays, extended from Day 6 
through Day 8. On Day 9 the 93 Ss in the main 
experiment received 10 acquisition trials on bar- 
pressing followed by 10 acquisition trials on 
panel-pushing. At its scheduled feeding time 
each S was placed in the experimental box with 
both shutters closed. After a 14-min. adapta- 
tion period the shutter concealing the CS was 
presented by raising the shutter concealing the 
extended bar. The shutter was raised without 
regard to S’s orientation in the box. If S failed 
to operate the bar in 2 min., it was operated by 
E when S was in a position approximating that 
required to depress the bar. Since S performed 
only the consummatory part of such an assisted 
response, it was not counted as an acquisition 
trial and the procedure was repeated until 10 
consecutive and unassisted responses, each 
within the 2-min. limit, were made. Following 
a 15-sec. interval allowed for pellet consumption, 
the shutter was closed for an additional 15-sec. 
period before starting the next trial. 

Following the tenth bar-pressing response, | 
min. elapsed before the first presentation of the 
panel stimulus. The time schedule for the ac- 
quisition of panel-pushing was the same as that 
for the acquisition of bar-pressing. After com- 
pleting Trial 10, each S was removed to its living 
cage for 15 min. before being placed in a feeding 
cage for 1 hr. of supplementary feeding on 10 
gm. of regular Lab Chow. 

On Day 10, 22 hr. after completing the two 
acquisition series, the 93 Ss underwent a 10-trial 
extinction on bar-pressing. ‘The extinction pro- 
cedure differed from the acquisition procedure 
only in that reinforcement was withheld and the 
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time allowed for response on each trial was 
limited to 30sec. ‘The 30-sec. stimulus presenta- 
tion was introduced to control intertrial spon- 
taneous recovery. On completing Trial 10 of 
this first extinction, Ss were assigned to three 
groups (labeled A, FE, and R) such that the 
median latencies of these groups were as nearly 
equal as possible. 

Group A received 10 additional acquisition 
trials on panel-pushing 1 min. after the shutter 
closed on Trial 10 of the first extinction. Group 
E received 10 extinction trials. Group R re- 
mained in the lighted box for 10 min. beginning 
when the shutter closed on Trial 10 of the first 
extinction. The three groups then concluded 
the experiment with a second series of 10 extince 
tion trials on bar-pressing directly following the 
interpolated activity. 

The remaining 29 Ss were used in a transfer 
test of task similarity. The preliminary train- 
ing for this group was identical with that of Ss 
in the main experiment. However, they ac- 
quired bar-pressing after panel-pushing on Day 
9, and then extinguished the two responses in the 
same order on Day 10. Comparison of this 
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group with Ss in the main body of the experi 
ment, which acquired and extinguished bar 
pressing first, showed only positive transfer from 
the acquisition of bar-pressing to the acquisition 
of panel-pushing to be statistically significant. 
There was no significant transfer in the opposite 
direction nor was there significant transfer from 
the extinction of one task to the extinction of the 
other. Moreover, on observation, the typical 
bar-pressing and panel-pushing responses were 
quite dissimilar. The stereotyped bar response 
was a suroke of S’s paw while S characteristically 
used its nose to push open the panel, 


REsuULTS 


The acquisition of bar-pressing and 
panel-pushing followed the typical 
negatively accelerated decay function 
obtained when the median response 
latency is used as the group perform- 
ance measure. The course of first 
and second extinction of bar-pressing 
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is plotted individually for each of the 
experimental groups, A, E, and R, in 
Fig. 2. The space separating the two 
parts of the figure represents the re- 
covery interval. On first extinction 
all three curves show a drop in re- 
sponse latency between Trials | and 
2, suggestive of warm-up, and there- 
after follow a positive growth func- 
tion of the number of trials. On 
Trial 1 of second extinction, following 
the interpolated conditions, the three 
groups are much more widely sepa- 
rated on the ordinate than they are on 
Trial 10 of first extinction.? The 
median response latency of Group A is 
shorter than that of Group E, which 
is, in turn, shorter than that of Group 
R. For the balance of second ex- 
tinction the groups, despite increased 
variability, appear to follow the posi- 
tive growth function noted in first 
extinction, the median response lat- 
encies of Groups A and E exceeding 
the 30-sec. trial limit on Trials 8 and 
9, respectively. 

The median response latency was 
used in drawing the curves since many 
stimulus presentations, particularly 
during second extinction, failed to 
elicit a response within the 30-sec. 
limit. Faced with similar truncated 
distributions, other investigators have 
approximated the mean and SD by 
using only the measurable response 
latencies (2) or by assigning the cutoff 
value to the indeterminate responses 
(6). In the present experiment the 
mean and SD were estimated for the 
truncated distributions of the critical 
Trial 10 of first extinction and Trial 1 
of second extinction by employing 
Halperin’s (3) method of approxima- 
tion. The distributions were first 


* Only Trial 1 of the 10-trial second extinction 
is used in the measurement of recovery since on 
~ any subsequent trial the three groups could be 
affected differentially by their performance on the 
first. 
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TABLE 1 


Mean Loc Larencies on Triat 10 oF 
Finst Extinction ann Triat | 
or Seconp Extinction 


Trial 1 


Trial 10 Critical Ratio 


Mean| SD 





Bl | 37 
1.15 | 46 


1.46 | 62 2.325 








normalized by converting the indi- 
vidual latencies to their logarithmic 
equivalents. The estimated means 
and SD’s for the two trials are shown 
in Table 1. 

The CR is used to estimate the sig- 
nificance of the differences among the 
means on Trials 10 and 1. The larg- 
est difference among the means on 
Trial 10 of first extinction could have 
occurred more than 50 times in 100 
due to chance alone, supporting the 
pre-interpolation equivalence of the 
three groups. As with the medians, 
a comparison of the means on Trial | 
of second extinction shows that, fol- 
lowing interpolation, Group R has the 
longest latency and Group A the 
shortest, while Group E is intermedi- 
ate. The differences are all signifi- 
cant. ‘Table 1 also makes possible a 
comparison, for each group, of pre- 
interpolation mean latency on Trial 
10 of first extinction and postinterpola- 
tion mean latency on Trial 1 of second 
extinction. Group A shows a sig- 
nificant increase and Group R shows 
a significant decrease in response 
latency. No significant change oc- 
curred in Group E. 


Discussion 


It is generally thought that an ex- 
tinguished response will demonstrate an 
increase in response strength following 
a period of rest. Munn (7, p. 243), for 
example, reports that he found “. . . no 
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reported instance of failure to observe 
spontaneous recovery where it has been 
looked for soon after extinction.” In ad- 
dition to this empirical evidence there is 
Hull’s (4, ». 284) theoretical position 
that reactive inhibition accrued during 
the extinction procedure dissipates as a 
function of time alone leading to spon- 
taneous recovery of the extinguished 
response during rest. Liberman (5) also 
holds that activity during the interpola- 
tion interval, and presumably the random 
activity of the resting 5S, retroactively 
inhibits the null response acquired during 
the extinction procedure, leading to the 
apparent recovery of the original positive 
response. 

In the present experiment, however, 
the rest group demonstrated a decline in 
the strength of the bar response during 
the interpolation period. Under the 
conditions of this experiment the corre- 
lated increase in response latency might 
fall under such a notion as loss of set-to- 
perform, a concept proposed by Am- 
mons (1) in another context. Instead 
of being withdrawn from the experi- 
mental situation during the rest interval 
and replaced just before the second ex- 
tinction, Ss were confined to the box for 
the entire 10-min. period. During this 
confinement Ss’ expectancy or set-to- 
perform could have been lost. A simple 
cueing stimulus just before extinction 
might have restored the set. Some sup- 
port for this hypothesis can be found in 
the abrupt drop in response latency in 
the rest group between Trials 1 and 2 of 
second extinction, a characteristic of 
warm-up not shared by the other groups. 

In the studies of spontaneous recovery, 
the rest condition, largely because of 
single-habit, Ss, has received more atten- 
tion than interpolated acquisition or ex- 
tinction. With the exception of Liber- 
man’s study, no data appear in the litera- 
ture to suggest the order of recovery of 
response following the interpolated ac- 
quisition or extinction of another re- 
sponse. This leaves deductions from the 
theories of Hull and Liberman as the 
strongest determinants of our expecta- 
tions with regard to relative recovery. 
The two theories are in agreement that 
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interpolated acquisition should lead to 
more recovery, and interpolated extinc- 
tion to less recovery, than a comparable 
period of rest. In the present experi 
ment, therefore, the greater recovery of 
the acquisition group relative to the 
extinction and rest groups is as expected, 
The fact that the rest group showed less 
recovery than the extinction group, 
however, does not conform to expecta- 
tion. Supporters of Hull and Liberman 
might well argue that if the experimental 
conditions leading to loss of set-to-per 
form had not obtained for the rest group, 
the order of recovery for the three groups 
might have been consistent with both 
theories. The extinction group could be 
said to have retained a set-to-perform the 
bar-pressing task by performing the 
panel-pushing task even though it was 
unrewarded. The rest group, lacking 
interpolated activity, lost the set-to- 
perform. The implication that the per- 


formance of a nonrewarded response is, 
under certain conditions, more effective 
in maintaining the strength of a second 
response than a comparable period of 


rest should be explored in future multi- 
habit experiments. 


SUMMARY 


On the day following the acquisition of both 
bar-pressing and panel-pushing responses, 93 
rats received two 10-trial extinctions on bar 
pressing. Between the two extinction series, 
31 Ss received 10 additional acquisition trials on 
panel-pushing, 31 received 10 extinction trials 
on panel-pushing, and 31 received 10 min, of 
rest. 

Between the final trial of first extinction, on 
which the three groups reached a common re- 
sponse level, and the first trial of second extine- 
tion, the interpolated acquisition group showed a 
decrease in bar-response latency, the interpolated 
rest group showed an increase in latency, and the 
extinction group showed no significant change. 
The relatively greater spontaneous recovery of 
the acquisition group conformed to theoretical 
expectation. The decline in response strength 
of the rest group during the recovery period, 
however, was theoretically and empirically un 
expected, and resulted in the rest group demon- 
strating relatively less recovery than the extine- 
tion group. The conditions of the experiment 
suggest a loss during interpolated rest of set-to 


perform. 
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INDIVIDUAL BEHAVIOR IN SOCIAL SITUATIONS: ITS 
RELATION TO ANXIETY, NEUROTICISM, AND GROUP 
SOLIDARITY ! 


VLADIMIR CERVIN * 


Unwersity of Toronto 


The study reported here describes 
an attempt to apply S-R theory to the 
prediction of the behavior of indi- 
viduals in certain group situations. 
The problem investigated is the rela- 
tion to behavior of three variables— 
anxiety and neuroticism (personality 
variables), and group solidarity (social 
variable). These variables are opera- 
tionally defined and equivalence is 
established and tested between them 
and what are believed to be the corre- 
sponding learning variables—drive, 
habit strength produced by stimulus 
generalization, and sign (+) of sec- 
ondary reinforcement, respectively. 
Behavior is measured by response la- 
tency, degree of participation, etc. 
Predictions are derived from learning 
theory in terms of reaction potential, 
and experimentally tested on indi- 
vidual behavior in controlled social 
situations. 

1. It has been shown that the hy- 
pothetical construct of anxiety, inter- 
preted as level of emotional respon- 
siveness, is related to performance in 
conditioning (11), and that the differ- 
ence in strength of performance be- 
tween high- and low-anxious Ss is 
larger under an aversive stimulus 


1 Research done under National Health Grant 
from the Government of Canada to Professor 
J. D. Ketchum. 
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parts of the manuscript, and to Joan Cervin for 
editorial help and typing. 


(e.g., shock) than under a more neu- 
tral stimulus, such as air puff (12). 
This is in accordance with S-R theory, 
if it is assumed that anxiety and aver- 
sive stimulus each affect drive level 
(D), and that they combine in some 
way, ¢.g.,  multiplicatively. This 
combination will not only have the 
effect of increasing drive for all Ss, as 
compared with drive level produced 
by anxiety alone, but of increasing it 
more for high- than for low-anxious Ss 
(if the increase is proportional). 
Since drive is directly related to 
strength of performance, this explains 
the findings. 

On the other hand, it has been 
shown that in a simple rewarding 
situation (2) no significant differences 
appear between high- and low-anxious 
Ss; it is also known that an accepting 
attitude of a therapist reduces anxiety 
in patients. If it is assumed that, on 
account of anxiety reduction, a pro- 
portional decrease of drive occurs in 
such situations, in contrast to pro- 
port‘onal increase of drive in aversive 
situations, then not only should drive 
of all Ss be reduced, but it should be 
reduced more for high- than for low- 
anxious Ss. This is the first problem 
of the present study: the relation of 
anxiety to behavior under aversive 
and rewarding conditions. 

2. Behavior which is invariant in 
time, or from situation to situation, 
has been observed in animals and hu- 
mans. In animals it is the familiar 
response fixation (4,9), interpreta- 
tions of which range from the hypothe- 
sis that the amount of variability is a 
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function of the amount of motivation 
(4), to the compulsiveness hypothesis 
(9, p. 57). In human Ss invariant 
behavior appears in the form of widely 
generalized, maladjustive  instru- 
mental responses, e.g., compulsions, 
rationalizations. ‘These reaction 
tendencies presumably represent de- 
fenses against anxiety which they 
reduce. Their clinical interpretation 
is somewhat similar to the motivation 
hypothesis (4). 

However, it can be predicted from 
the S-R theory that an overlearned 
response tendency, such as a defense, 
should have a high habit strength and 
thus interfere with normally evoked 
responses in many situations. This 
interference may be expressed as with- 
drawal of generalized habit strength 
( f1) of defenses from the habit strength 
(11) of a normally evoked response: 
(1 — f1) (7). Interference should 
occur when an individual does not dis- 
criminate a given situation from the 
original traumatic situation. The hy- 
pothetical construct of neuroticism (5, 
p. 49), which is inferred from defense 
responses, can be represented by the 
habit strength (/7). If habit strength 
is related to strength of performance, 
neuroticism should, under certain 
conditions, unfavorably affect per- 
formance. This is the second problem 
of the present study: the relation of 
neuroticism to behavior under two 
experimental conditions—one more 
and one less likely to evoke defenses. 

3. Our recent findings (3) and those 
of others (10) indicate that perform- 
ance of all Ss is better and more even 
under rewarding than under aversive 
conditions. This result can be pre- 
dicted from behavior theory assuming 
certain values for the variables in- 
volved. But in social situations pre- 
diction of behavior and its testing is 
very difficult because of the constant 
response interaction between partici- 
pants. Using one S with role-playing 
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assistants who pose as Ss, however, 
one can devise social laboratory condi- 
tions analogous to those in learning 
and conditioning experiments: aver- 
sive stimuli (shock) can be produced 
and kept constant by aversive be- 
havior of assistants, e.g., their opposi- 
tion to S; positive (rewarding) stimuli, 
e.g., food, can be replicated by assist- 
ants’ approving or accepting behavior. 
Aversive and approving behavior of 
“other” individuals in social situations 
operationally defines the hypothetical 
construct of solidarity of group mem- 
bers (3). Solidarity proper is con- 
ceptualized as mutual giving of posi- 
tive, and dissolidarity of negative, 
secondary reinforcement by individ- 
uals in social situations. The number 
of reinforcements (NV) and their signs 
thus can be controlled with the aid of 
assistants. The third problem of our 


study is the relation of solidarity to 
performance. 
To test predictions stated under 


**Method,” Ss with extreme scores on 
anxiety and neuroticism were sub- 
divided into four categories—high- 
high, high-low, low-low, and low- 
high. Each of them was put through 
(a) a debate session in which his 
opinion was uncompromizingly op- 
posed (aversive situation, expected to 
elicit S’s defenses, if any), and (b) a 
situation in which all his task-relevant 
suggestions were approved (rewarding 
situation, expected not to elicit de- 
fenses). 
Metuop 


Design of experiment.—A 2° factorial experi 
ment was designed to vary the two personality 
variables and the one social variable (Table 1). 
Groups of three were formed, each with one S 
and two role-playing assistants of the same sex, 
unknown to him, who posed as Ss. 

The solidarity situation was conceptualized as 
follows: S’s dominant response tendency (DRT), 
i.¢., his own opinion, received reinforcement, and 
his defense reactions, if evoked, received extinc- 
tion treatment. In the dissolidarity situation 
S’s DRT received extinction treatment, the non- 
dominant response tendency (NRT), ic., the 
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TABLE 1 
Experimenta. Desion or a Soctat Srruation: 
THE Same Ss anv Desicn Usep tn Soniparity 

AND DissoLipARITY SITUATIONS 
(N = 64) 
Anxiety (D) 

High) Differ 
Ss } ence | 


| Low 
ae ie ve how | 
Neuroticism (f7) 
High Ss 116 116 


| 

Low Ss 116 |16 | 
Difference | 
Mean Taylor Score 
| 


19.4 34.9 


i 
15.5° | 


* Significant at the .001 level of confidence (1 tail) 


opposite opinion, received reinforcement, as did 
also his defenses. The initial habit strength 
(H) of Ss’ DRT was equalized, as far as possible, 
by attitude premeasurement and selection of 
topics important to them. Since all Ss were 
clinically normal, it was assumed that the habit 
strength (/7) of DRT was larger than that of de- 
defenses (2). Within each situation the num- 
ber of reinforcements (NV) and their magnitude 
(K) were kept constant by controlling the length 
of sessions and the behavior of assistants. 

The strength (£) of response tendency was 
assumed to be a direct function of the intervening 
variables: E = f(D, H, K), where H = ( H—- 
Al); E is therefore an inverse function of neurot 
icism (ff). The strength of response was 
assumed to be function of £ and was measured 
by means of response latency (L), degree of 
participation (PQ), and frequency (R) of shift 
of opinions in the dissolidarity situation, as de 
scribed below. 

Subjects and personality variables.—About 500 
students in two psychology classes were screened 
by several tests, of which only the Taylor Anxi- 
ety Scale and the Pd Scale—which satisfied the 
requirement of low (.07) intercorrelation—were 
retained as measures of anxiety and neuroticism, 
respectively. An inverted Pd Scale was used 
tentatively to measure neuroticism in the ab- 
sence of better measures, on the assumption that 
the opposite of invariant behavior is the labile, 
impulsive behavior, such as that of psychopaths 
(characterized by lack of interference of con 
trolling response tendencies), which is measured 


by the Pd Scale.* 


* The assumptions made in the derivation of 
hypotheses are based on the behavior tendencies 
measured by the Pd Scale. Evidence that Pd 
and Pt items from MMPI form the opposite 
ends of a Guttman-type scale will be presented 
in a separate paper. 
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The number of Ss in each cell (Table 1) was 
randomly limited to 16, i.e., four for each sex and 
each course year, which gave a total of 64. Some 
very extreme cases, known to have had psychi 
atric backgrounds, were excluded. All selected 
Ss were English-speaking and most were Cana- 
dian. The dividing scores between high and low 
on each test were the means of the total test dis 
tributions: 27 (Taylor) and 13 (Pd). 

Social variable.—In the solidarity situation 
each group of three was shown a set of six large 
TAT cards and asked to choose one picture 
about which to make up a story. They were 
then instructed to proceed in three phases 
describe (a) the contents of the picture, (b) what 
was happening in it, and (c) what would happen. 
The assistants had had previous training and had 
been instructed how to behave: “Let S choose 
the picture . . . When S does make a suggestion 
then, after some mild argument 
approve the suggestion 
finition of solidarity). 
he has really made a success 


warmly 

(operational de 
“S should feel that here 
” Besides 
giving S encouragement, the procedure also 
aimed at obtaining, through the use of the pro 
jective possibilities of the situation, his opinion 
on a topic of some importance to him, Groups 
were told that they would be watched and timed, 
Mean duration of sessions, without S’s latency 
time, was 5 min., 20sec. This time was empiri 
cally established and subsequently all sessions 
were kept down to it as far as possible, but with 
out actually cutting them short. 

In the dissolidarity situation each member of 
the same groups of three who participated in the 
solidarity situation was instructed to fill out a 
questionnaire’ stating his opinions (pro or con) 
and their strength (importance to himself) on 
several topics chosen from a survey of students’ 
interests. The were collected 
and, during another task, the assistants’ ques- 
tionnaires were altered by F so that their opin 
ions conflicted with those S marked “very im 
portant.” 


questionnaires 


A card was drawn to choose at ran 
dom one “very important” topic for discussion 
All questionnaires were then returned to their 
writers and the group instructed to debate the 
chosen topic with the aim of reaching consensus 
of opinion. “If no common opinion can be 
worked out, the group may decide to disagree.’ 
Assistants’ instructions were: “Take the initia 
tive in expressing your opinion from the word 
‘go’. . . this opinion will be the opposite of 
that of S” (operational definition of dissolidar 
ity). “If S agrees with you, suggest closing the 
discussion and signaling agreement.” 


* The reason for giving entirely different tasks 
in the two situations is that similar, but reversed, 
tasks given Ss in pretrials simply killed their 
response by making them 
authenticity of other “Ss.” 


suspicious of the 
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The order of the situations was randomized 
by tossing a coin. ‘To control the length of ses- 
sions, the observer, after an empirically estab- 
lished time of 8 min. from the beginning of the 
discussion, suggested to the group that they 
arrive at a decision. Mean duration of sessions, 
without S’s latency time, was 7 min. 

Behavior measurements.—All sessions took 
place in a demonstration room separated from an 
observation room by a one-way vision screen. 
Voices could be transmitted both ways between 
the two rooms. There were two observers. 
Discussions were completely recorded on tape. 
Behavior was measured as follows: 


1. Response latency, i.c., the time between the 
word “go” and the moment when S made his 
first statement, was measured by stop watch and 
recorded. In the solidarity situation, Ss’ latency 
in the third phase was taken as the measure 
comparable to that in the dissolidarity situation. 
Reliability checked against latencies obtained on 
the “Interaction Chronograph” operated by a 
different observer was better than .99. 

2. Opinion latency, i.c., the time between the 
start and the moment when S first stated his 
opinion, was measured and recorded. Since 
sometimes there was no clear-cut statement of 
opinion, the measure is incomplete and unreli- 
able; results will not be given. 

3. Degree of participation (PQ) in discussions 
was measured as the quotient of time S spoke to 
the total duration of the situation. Data for 
this measure were obtained from the “Interac- 
tion Chronograph” on which each speech of 
every person was recorded; the lengths of these 
speeches were then summed up and divided into 
the total length of the session. Reliability 
against recheck was over .99. 

4. Shift of opinion was recorded at the end of 
the debate by the observer as “complete shift,” 
“qualified shift,” and “no shift.” No errors 
were found on recheck. 


In each session the same E read the instruc- 
tions, the same experimental material was 
used, and with a few exceptions, the same pairs 
of assistants worked together. Some other 
measures were taken which await analysis: 
ratings of Ss’ “involvement” in the tasks, voice 
levels during discussions, and many qualitative 
observations. 

Derivation of predictions.—These were derived 
from assumptions and theory by a little simple 
algebra of inequalities. Predictions of the de- 
gree of participation (PQ), which is a direct 
function of E, were derived as follows: 


1. In the solidarity situation, high- and low- 
neurotic Ss should have equal habit strength 
(1) of DRT and drive (D), and little or no de- 
fense interference (ff = 0); high-anxious Ss 
should have the same habit strength (//) as 
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low-anxious Ss, but a somewhat higher drive 
(D), in spite of its greater reduction. Predic- 
tion: more or less equal £ for all Ss, and therefore 
also equal PQ. 

2. In the dissolidarity situation, low-neurotic 
Ss should have the same drive (D) as high-neu- 
rotic Ss, but a higher habit strength (//) because 
of low strength (A) of interfering response tend- 
encies: (H — Auigs) < (H — Aloe); high-anxi- 
ous Ss should have the same habit strength (/) 
as low-anxious Ss, but a higher drive (D). Pre- 
diction: higher E for low-neurotic and high- 
anxious Ss as compared with their respective 
counterparts, and therefore higher PQ. 

3. Comparing the predictions for the two 
situations, one would expect a smaller total in- 
crease of PQ from dissolidarity to solidarity for 
high-anxious and low-neurotic Ss as compared 
with low-anxious and high-neurotic Ss, respect- 
ively (interaction effect). 


Predictions of response latency (L), which is 
an inverse function of E, were derived as follows: 


1. In the solidarity situation predictions fol- 
low the same pattern as those of PQ because of 
the assumed absence of interfering defenses. 

2. In the dissolidarity situation (a) E of high- 
neurotic Ss should be higher, and therefore 
latency of response shorter, than that of low 
neurotic Ss because, D being constant, the com- 
bined* habit strength (H + ff) of this response 
is larger for high- than for low-neurotic Ss: 
(H + Auign) > (H + Aloe). (6) With H con- 
stant, £ of high-anxious Ss should be higher, and 
therefore latency shorter, than that of low- 
anxious Ss, 

3. Comparing the predictions for the two 
situations, one would expect a smaller latency 
decrease from dissolidarity to solidarity for high- 
anxious and high-neurotic Ss as compared with 
their respective counterparts (interaction effect). 


Predictions for the frequency of shift of 
opinion (R) in the dissolidarity situation were 


* This derivation deviates from the general 
formula on page 163 which defines the strength 


of response tendency relevant to the task. The 
reason lies in the definition of the measure as 
latency of any response S may make first. 
Therefore defensive (evasive) statements repre- 
sent an additional response tendency available 
to S and its habit strength was added to that of 
S’s opinion (7, p. 60). The habit strength of the 
opposite (nondominant) opinion, which should 
be very small at the beginning and not very dif- 
ferent for high- and low-neurotic Ss, was disre- 
garded, but should be subtracted if it were of any 
importance. On the other hand, difference in 
latency of statement of opinion, as well as other 
measures, were predicted according to the gen- 
eral formula. 
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TABLE 2 


Mean Response Latency (1n Seconps) anp Mean Paarticirarion Quotient (PQ) 





Solidarity 


Anxiety 


Dissolidarity 


Anxiety 





Latency 
Neuroticism 
High 
Low 
Difference 


Pi 
Yeu roticism 
High 


Low 
Difference 








*P < OS (1 tail). 

7 P = OOS (1 tail). 
derived as follows. When two responses are 
possible, that response occurs whose reaction 
potential (£) is stronger (7). Two cases should 
be considered: (a) If the reaction potential (£) 
of DRT of high-anxious (high D) Ss is repre- 
sented by a curve lying higher than that of low- 
anxious (low D) Ss (7, p. 34), after extinction 
treatment, it should remain stronger in spite of 
a larger drop due to higher drive. Therefore the 
rate at which NRT becomes stronger than DRT 
should be higher for low-anxious than high- 
anxious Ss (8, p. 31). (b) After some extinction 
of H and reinforcement of H, the reaction po- 
tential (£) of DRT of high-neurotic Ss should 
decrease less than that of low-neurotic Ss, be- 
cause an E associated with high Al should de- 
crease less than E associated with low Af (7, p. 
30), and also because of stronger interference of 
defenses with NRT in high-neurotic Ss. Thus 
the rate at which NRT becomes stronger than 
DRT should be higher for low-neurotic than for 
high-neurotic Ss. Therefore within a given 
length of sessions, fewer shifts of opinion are pre- 
dicted for both high-anxious and high-neurotic 
Ss than for their respective counterparts. This 
is in line with the earlier prediction of diminished 
responsiveness of these Ss to change in the situa- 
tion. 


ReEsuLts 


Response latency.—Latency corre- 
lations between Ss of different cate- 
gories, viz. high-low anxious and high- 
low neurotic, within each situation 
were not significant, but the r (.35) 
based on the performance of the same 


Difference High Difference 

















Ss in the two situations was signifi- 
cant. Since difference in variability 
between the two situations could not 
be removed by any transformation of 
variable known to me, each situation 
was analyzed separately, applying the 
square-root transformation and the 
standard analysis of variance within 
it (Tables 2 and 3), and testing differ- 
ences between situations by a non- 
parametric analysis of variance 
(Table 4). Significance of some dif- 
ferences within rows and columns was 
also calculated by the ¢ test and is 
given in Table 2. 


TABLE 3 
Anwatyses or VARIANCE ror Response 
LATENCY wiTHtn SOLIDARITY AND 
DissoLipariry SITUATIONS 


| 
Source | @ 


Within Solidarity 
Anxiety 
Neuroticism 
AXN 
Error 


Within Dissolidarity 
Anxiety 
Neuroticism 
AXN 
Error 
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TABLE 4 


NonrarAmetsic ANALYSES OF VARIANCE OF 
Response Latency Divrepences BETWEEN 
Sotipasity ann Disso.imparrry * 


Source df H 


a 
Solidarity 


71.04 
SKA | | 


11.64 


SN l 6.96 


* Kruskal and Wallies Test (15, p. 436). 


Table 4 gives the results of three 
independent nonparametric analyses 
of variance (15): data for the main 
effect of solidarity were the raw laten- 
cies in the two situations. Data for 
SN and S XA were the differ- 
ences between the two situations for 
each S, so that the significance figures 
stand for the significance of second- 
order differences, i.e., first-order inter- 
actions. Higher order interactions 
were, of course, lost. 

As expected, in the solidarity situ- 
ation Ss showed better and more even 
performance than in the dissolidarity 
situation. In the latter, although the 
expected main effect of anxiety was 
significant, the difference is due mainly 
to a much shorter latency of those 
high-anxious Ss who also had a high 
neurotic score. These Ss also im- 
proved in the solidarity situation less 
than the others. Their response was, 
as predicted, stronger but somewhat 
less adaptable toward a _ changing 
stimulus situation than that of low- 
anxious, high-neurotic Ss. However, 
since the interaction effect was not 
significant, further evidence is needed 
before this conclusion is accepted as 
confirmation of our hypothesis. 
Mutatis mutandis, the same applies to 
high-neurotic, high-anxious Ss. But 
the main effect of neuroticism fell 
short of significant level. 

Degree of participation (PQ). 
Mean PQ in the solidarity situation 
(.40) was significantly larger than in 
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the dissolidarity situation (.25), with 
F = 18.2 and P< Ol. The pre- 
dicted difference between mean PQ 
for high- and low-anxious Ss in the 
dissolidarity situation was almost 
significant for the high-neurotic cate- 
gory: P~ 04 (1 tail). No other 
differences were significant, but some 
were in the predicted direction. 

The degree of participation was also 
analyzed in another way: individual 
participation data were plotted cumu- 
latively against duration of the dis- 
cussions, in steps of 1 min. The 
curves obtained in both situations 
were linear and therefore PQ not only 
measures the total participation, but 
also its rate throughout the discussion. 

Frequency of shift of opinion in dis- 
solidarity situation.—Frequency data 
were analyzed by a formula originated 
by Dr. R. W. B. Jackson for a 3x3 
matched-pair entry table. The form- 
ula for matched pairs was used be- 
cause we compared pairs of Ss who 
had the same assistant pairs in their 
groups. Since correlations were not 
significant, however, the results were 
also checked by a formula for uncor- 
related entry table, but remained 
unchanged. Significant differences 
were also found between high- and low- 
anxious Ss who had a high-neurotic 


TABLE § 


Frequency or Surt or Opinions Amonc Ss 
with Low anp Hicu Nevroticism Scores 


(N = 32 pairs of Ss) 


High Neuroticiem 
Totals 


Low Neuroticism 

0 = no shift 

1 = qualified shift 
2 = complete shift 


Totals 














Probability (z= — 2.84) 





BEHAVIOR IN SOCIAL SITUATIONS 


score: 2 = —2.05, P = .02 (1 tail). 
These results confirm the expectation 
that fewer high-neurotic than low- 
neurotic Ss would shift their opinions, 
but only partly confirm the other 
hypothesis, that fewer high-anxious 
than low-anxious Ss would shift their 
opinions, since this is true only of 
those high-anxious Ss who also had 
a high-neurotic score. 


Discussion 


Validity of results obtained, of course, 
depends on the validity of the assump- 
tions made, especially those concerning 
the values of variables involved, and on 
the control of the habit 
strength of opinions. Failure to obtain 
confirmation of some predictions con- 
cerning the degree of participation may 
be explained by a possible operation of 
Type II error, and the interaction effect 
of the two personality variables. 

It has been objected that the difference 
between mean PQ in the two situations 
may be due to assistants’ rather than to 
Ss’ behavior. There is only partial 
truth in this criticism: § was not forced 
to speak in the solidarity, nor was he 
barred from speaking in the dissolidarity 
situation; dissolidarity how- 
ever, were longer than solidarity sessions, 
and this difference may be due to assist- 
ants’ behavior. The Ss’ mean PQ, ad- 
justed for this difference, is .30; the 
difference between the mean PQ’s in the 
two situations remains significant (¢ = 
4.8, P < 01). 

Since predictions based on the defini- 
tion of anxiety as a more or less chroni- 
cally high emotional responsiveness were 
confirmed, this definition should be re- 
tained. In order to account for some 
recent findings (2,6, 12), which seem to be 
adverse to this interpretation of anxiety, 
one should take into consideration experi- 
mental conditions, which may increase or 
reduce drive, and the magnitude of differ- 
ences in anxiety, for one cannot expect 
large differences in performance when 
differences in anxiety levels are insig- 
nificant. These considerations perhaps 


successful 


sessions, 
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can remove the basis of disagreement 
between Taylor, Spence, and Farber (12) 
one one hand, and Hilgard, Jones, and 
Kaplan (6) on the other. 

Concerning the two relatively invari- 
ant forms of behavior obtained in this 
study, the following tentative conclusions 
can be stated: (a) lack of response ad- 
aptability to a changing stimulus may be 
due to a high level of motivation and 
neuroticism combined; (4) persistence of 
an unchanging response in the face of an 
unchanging aversive stimulus may be 
due to high neuroticism alone. 

The present and previously obtained 
evidence (3) is encouraging for further 
experimental exploration of the general 
ized S-R theory as a tool for conceptual 
ization of the structure of social situa 
tions, and for derivation of hypotheses. 
Experimentation is going on in 
laboratories. 

Finally, a word about Ss’ self report on 
the effects of the experiment. A ques 
tionnaire was sent to each S§ asking how 
he or she had been affected by the ex 
periment. The results may be summed 
up as follows: (a) Ss with high anxiety or 
neuroticism scores (who showed the least 
amount of change in their behavior dur 
ing the experiment ) mostly reported that 
they had felt “upset’”’ by it; (4) Ss with 
low anxiety or neuroticism scores (whose 
performance showed more effect of the 
experiment) mostly reported that they 
had enjoyed it. The differences were 
significant for high-low anxiety Ss (x? = 
6.2, P < .05) and were in the right di 
rection (x? = 1.79, P > .05) for high 
low neuroticism Ss. 


our 


This finding may 


have some bearing on psychotherapy. 


SUMMARY 


The problem of the relation to behavior of 
three variables 
solidarity 


anxiety, neuroticism, and group 
was investigated. The experiment 
was designed and predictions derived with the 
aid of a generalized behavior theory based on Hull 
and Pavlov In the re sulting 2" factorial ¢ xperi 
ment, the two personality variables were varied 
by selection of Ss with extreme anxiety and 
neuroticism scores, the social variable was varied 
with the aid of role-playing assistants. All Ss 


received the solidarity (social approval) and dis 
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solidarity (social disapproval) treatments in 
groups of three, made up of one S and two assist- 
ants. Among the findings may be mentioned 
the bettering and leveling effect of solidarity on 
performance, as against the lowering and differ- 
entiating effect of dissolidarity; greater rigidity 
of opinion of high-neurotic Ss in the face of an 
unchanging aversive stimulus; shorter latency 
of response of high- than low-anxious and neu- 
rotic Ss in a dissolidarity situation, their lower 
adaptability to a changing stimulus; and, fin- 
ally, indication of usefulness of the generalized 
behavior theory as a tool for construction of 
experiments and derivation of hypotheses con- 
cerning social situations. 
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